


CONTENTS. 

SECTION B—VOL. VI. 

No. 1—July, 1937. Pams 

The Golgi Apparatus and the Vacuome in Protozoa—Some Miscon¬ 
ceptions and the Question of Terminology. (A Review ) 

M K Suhrauaniam, M A , 1> So , and R Gopai a Aiyar, MA,M So 1 
Climatic Conditions in Sind 

, Prof Manlok B Pitkawalla, B A , B Sc , L C P , F G H id 

Echtnoids from the Bagh Beds « W Chiplonker, M So GO 

No 2-August, 1937 

I On Protocyathea rajmahaltnse sp nov , A Cyatheaceous Tree-fern, 
with Notes on the Geological Distribution of the Cyatheace* 

KtiKIRN Jacob, B A , M Sc 71 

Studies in the Physical and Chemical Properties of some Sugarcane 

Soils . A Tj Sundar Kao, B 8c (Honk ) 91 

On the Nature and Identification of Some Roundish Bodies found 
either Free or as Endoglobular Parasites in the Blood of Calotes 
versicolor Daud. Subspecies Major Blyth Prof Col I 

KrojlANO de Mello and Oaktano Correa i>e Mf.arelleh 98 

On Some Digenetic Trematodes from Rana cyanophlyctis of Kumaon 

Hill* B P Pandf, 109 

Studies in Soil Bacteria of the Subtropical Region—Punjab, North 

India . Jaojiwan Hinoii, M So (Punjab), Ph 1) (London) 121 
No 3—September, 1937. 

Some Studies on Temperature of the Cotton Plant in the Punjab 

. Jai Cuand LtmiRA, M 8c , DIO , I AS, 11 8, Aitn , 

IHDAR SlNOH CtltMA. Jf Sc (Ao ) 131 

The Physiology of Digestion and Absorption in the Crab Paratelphusa 
(Oziotelphusa) hydrodromus (Herbst) . . 

. . . A Rawakrishna Reddy, B Ho (Hons ) 170 

Fungi of Allahabad. India.—Part III. 

. J II. Mitter and K N Tandon 194 

: No. 4 —October. 1937. 

1 I* the Chromophobic Part of the Golgi Apparatus and Mitochondria 

the Ergastoplasm ? M K Subkam ANtAif, M A , U Sc 203 

Further Notes on the Haeraoparasitology of the Indian Birds. 

, . , . ,, . I.Froilano pk Mello and Luis da Fonseca. 213 





Page 

On a Cercomonad Parasite of the Intestinal Tract of the Pentatomid # 
Bug Aspongopus obscurus (Fabr.). . I Froilano de Meilo, , * 

. . Vanctbxa Dersai AMD Vamona Xbldencar. 220* 

On the Nectar Secretion in the Coconut Flowers (Cocos nucifera, 

L, nn ) . . O. V Narayana, B 80 (Ao ) 224 

A Note on Aplanospores in a Species of Oedogonium . 

. . M. 8 RandhaWA, M So . IO 8 230 

Palaeontological Study of Gastropods from Lakl and Bagatora. Sind 
Raj Nath, M Sc , Ph 1) (Bond ), 1)IC, and 

G W Cm plonker, M 8 c 232 

On the Origin and Development of the Cement Glands in Etioplus 

maculatus (Bloch). . • 8 Jones 261 

No 5—November, 1937. 

Report on Some Nematode Parasites of Kabul, with Descriptions 

of New Species . . S.A.Akhtar 263 

Studies on the Trematode Parasites of Birds. Part II. Morphology 
and Systematic Position of Some New Blood Flukes of the 
Family Schistosomidae . Maicund Behaju Lal, D So 274 

The Brackish-Water Fauna of Madras . . N Kesava Pantkkar, 

MA, D 8 o, and R Gopala Aiyar, M A , M.So. 284 
No 6 —December, 1937 

The Myxophyceae of the United Provinces, India —III .... 

C Bhashyakarla Rao, M 8 o. 339 
The Proteins of Groundnut (Peanut), Arachis hypogaea, Linn. . . 

. W V KotahthanfandN Narayana 376 
On Some New Forms of Batrachia from S. India ..... 

. . . C R. Narayan Rao 387 

On the Occurrence of Winged Spores in the Lower Gondwana 

Rocks of India and Australia . Miss Ciunna-Virkki, B V, M 8 c. 428 




THE GOLGI APPARATUS AND THE VACUOME IN 
PROTOZOA—SOME MISCONCEPTIONS AND THE 
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Introduction 

In a previous communication (Subramamam. 1917), some of the criticisms 
offered bv some of the cytologists against the existence of the Golgi apparatus 
in the cell have been discussed and it was shown that these criticisms, if 
accepted, would render critical, histological and cytological studies impossible 
It was pointed out that the reasons for denying the existence of the Golgi 
apparatus were —(1) Some cytologists were paying more attention to the 
technique allowing its morphology, position in the cell, size, constitution 
and function to fade into the background, (2) a tendency to consider the 
apparatus more as a substance than as, a living inclusion, and (.1) the intro¬ 
duction of personal bias resulting in a mistaken—though unintentional- 
interpretation of the results of other workers Nowhere is this more true 
than in the study of the Golgi apparatus in Protozoa This state of affairs 
has reached such a stage that we feel a clearing of some of the issues may be 
highly useful Hence, in this communication, we shall deal with some of 
the anomalies in interpretation of results and also the contention of some 
that the vacuomc and Golgi apparatus are one and the same in Protozoa 
While we were going through the liter iture on Protozoa. Patten and Beams’ 
(1936) paper on the use of the ultra-centrifuge on some living flagellates 
apptared These authors came to the conclusion that the identity of Golgi 
material in Euglcnoid flagellates is still uncertain Wc were not at all sur¬ 
prised at this statement in view of the enormous confusion in the field 
Instances of Confusion 

Bowen (1926 b) in his review of the Golgi apparatus, comes to the con¬ 
clusion from an analysis of various observations, that there is no de novo 
origin of the Golgi apparatus At the same time Gatenby and Nath (1926) 
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arrived at an identical conclusion However, they consider that the phvlo- 
guictic origin of the Golgi apparatus, whether from the nucleus or from 
the cytoplasm, a different problem Thus a tie novo origin of the Golgi being 
not accepted by leading cytologists, wc were surprised to read Bowen’s 
(1‘I28 d) statement that a logical review of the methods for demonstration 
of the Golgi ipparatus in various kinds of Protozoa is rendered impossible 
by the fact that no basis for the identification of what may or mav not be 
the Golgi appai at us has yet been agreed upon According to Bowen in 
sporozna alone is there auy agreement If the Golgi apparatus does not 
arise de novo, the Golgi apparatus of metazoa should have evolved from that 
of Protozoa If there is agreement as to what is the Golgi apparatus in any 
one group of Protozoa, say the sporozoa, the fact Will be admitted that 
confusion ill other groujis should be more due to other causes than due to 
technique, unless c>toplasmie behaviour m sporozoa and other Protozoa 
can be said to be different 

The suggestion made m some quarters (King and Gatenby, 1923) that 
the terminal bead of the flagellum of some primitive flagellate represents 
the Golgi apparatus has not contributed to a clearing of tile position Gatenby 
supposes that the outer layer of the bead might have been differentiated 
to form a lipoid store-house or elaborator of e nergy yielding materials ucees- 
s-uv for the nutrition of the locomotor organ Prom its primitive position 
in the metazoan cell, alwavs associated at some time with the ceuliosome- 
ccntrosphcrc complex, Gatenby believes that in the early history of the cell 
the Golgi apparatus and the eentrosome were evolved side by side or the 
apparatus from the ccntiosphere in some way This speculation which is 
given undue prominence in the review of King (1927) probably led to the 
doubt expressed by Bowen Even after Iltrscliler’s (1927) and Brown’s 
(1930) demonstration of the Golgi in Sarcodina, Hill In her review (193.3) 
savs that the parabasal hypothesis was supported hv much practical evidence 
put forward by Pubosrq and Grasse (1921, 1926 a. 1925 b. 1927, 1928) The 
theory was based on the suppositions (1) that tlic chromophoble part of 
the Golgi bodies Is related to the sphere in some way and that the relation 
between the central apparatus aud the Golgi is not merely topographical , 
(2) that the flagellates were the most primitive Protozoans , and (3) that the 
Golgi apparatus origmutid in primitive flagellate-lihe Protozoa The fact 
that workers in Protozoa have tried to prove the existence of the- Golgi 
apparatus shows that everybody feels that such a structure should occur 
m all Protozoa Insti ad of trying to prove or disprove the theory of Gatenby, 
ProtoSoologists seem to have been searching for the material composing 
the apparatus than the actual structure which is a living inclusion That 
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this is the case will be seen from Hall’s (1930 a) criticism that since little is 
known about the Golgi m Protozoa, the Golgi material lacks the venerable 
antiquity necessary to the foundation of any innccpt of a ‘ classical ’ Golgi 
apparatus m Protozoa 

Criteria for the 6 ol%t and its Non-Applicalton by Workers 
King and Gatenhv (1921) gave the following criteria according to which 
they consider ctrtain bodns seen in the cytoplasm of a coicidian to be the 
Golgi apparatus (1) Its staining and fixing reactions are identical with 
those of the Golgi bodies of metazoa (2) It occupies an cxccntric, juxta- 
i,in leai position and spreads out in the cell cytoplasm as docs tile Golgi 
apparatus in many metazoan cells, e g , the egg and tile nerve cell (3) It 
consists mostly of the verv c h iracteristically shaped crescents and beads 
known in the case ol metazoan cell as dictyosomes (4) As in the metazoan 
cell, these protozoan dictyosomes can be found dividing among themselves 
in the ground cytoplasm (5) Dining division of the cell it becomes sorted 
out into sub-equal groups around each nucleus and each ultimate daughter 
nucleus has gathered near it a part of the original apparatus This defini¬ 
tion is not given due importance in the reviews of King (1927) and Hill 
(1933) and it is clear that application of the above criteria would rule out 
the suggestion that the parabasal bodies, the contractile vacuole and the 
stigma can by themselves constitute the Golgi apparatus Thus having 
lost sight of criteria that define the Golgi apparatus each Protozoologist 
seems to have his or her criteria as to what constitutes the Golgi apparatus 
Thus Brown (1910 a) defines the Golgi appratns ics follows —(1) Consistent, 
not merely occasional, impregnation by osmic methods, (2) Resistance 

to the usual methods of bleaching after osmication , (3) Consistent impreg¬ 
nation by silver methods , (4) Occurrence in Protozoa generally and not mere¬ 
ly in certain species . (5) General similarity of form in different Protozoa 

A comparison of the above criteria with those of King and Gatenhv (1923) 
will show that some of the important ones have been left out The defini¬ 
tion of Brown is also in essence that of Hall (1931) who considers that neiitial 
red stains the Golgi apparatus and treats the Golgi apparatus in Protozoa 
as having peculiar staining reactions That this is the case will be seen from 
the following statement bv Hall (1930 a) ’’ On tbc other hand, it must be 
admitted that there are able cvtologists who are not in accord with Bowen 
on this f mini, and who even go so far as to believe that the ‘ classical ' Golgi 
apparatus may be a fusion product of discrete inclusions, either neutral red 
stamable globules (Covell and Scott, 1928, Cowdry and Scott, 1928), or in 
part of modified mitochondria fthe ’ lcpidosomcs of Parat) ” If this is 
so, we have not been able to understand why Hall should be particular to 
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call Ins neutral red staining globules Golgi apparatus and Golgi bodies 
Applying these criteria Hall describes certain inclusions in Arcella (Nigrelli 
and Hall, J 930) lie savs that these inclusions of Arcella are obviously more 
similar to the so-called ' vacuomt’ (Parat, 1928) than to the Golgi apparatus 
" Hence it would seem that, if vacuome and Golgi material are separate 
and distinct cell constituents, Arcella possesses only inclusions which appa¬ 
rently belong to the former category ” Hall’s conception of the vacuome 
is not apparently Parat’s conception In Peranema (1929) Ilall found certain 
neutral red staining globules and unstained vacuoles in the cytoplasm 
These neutral led staining bodies according to him resemble those in sporozoa 
(Joyet-Davergne, 1926 , Cowdry and Jscott, 1928) but differ from the vacuoles 
of Euglena (Grasse, 1925), Ceraltum and Pendtmum (Danegard, 1923) which 
are stained by neutral red and cresyl blue Hall rejects the idea of the 
vacuoles in Peranema being homologous to the vacuoles described by Grasse 
and Danegard because the staining was irregular, and only few vacuoles 
were stained in anv one specimen, the staining was always very faint and 
furthermore these vacuoles showed irregularity of reaction to osmic impreg¬ 
nation which was not observed in the small globules Having thus shown 
the doubtful nature of the bodies we shall now show that his criticisms of 
other workers' observations appear to be not logical at all The Golgi appa¬ 
ratus has been shown by Hirschler to be vesicular aud also semi-lunar in 
shape and these bodies were shown to have a duplex structure In none 
of Hall’s pajitrs is there any reference to any duplex structure Hall (1930 «, 
1930 b, 1931) attempts to compare the ‘ osmiophilic globules ’ of Protozoa 
seen bv him with those of metazoa because of similarity in general form, 
intra-cellular distribution and blackening in osmic and silver impregnation 
The comparison is out of place because shape and structure described in 
metazoan Golgi as well as that described by Hirschler in Ertdamatba and 
gregarmes (1927) are not certainly the globules of Hall Hall saw in Chro- 
mulina (1930 a) blackened crescents or almost complete runs of small vacuoles 
bordering a less densely impregnated substance He dismisses these appear¬ 
ances because Parat (1928) showed that incomplete fixation followed by 
osmic impregnation resulted in appearance of such ’ crescents ' while longer 
periods of fixation produced only uniformly impregnated globules In 
Da Pa no preparations of Tnchamocba (1930 b) also, he found crescents and 
rings, but lie dismisses these, following Parat, as artifacts as longer fixation 
produced homogeneously blackened globules Parat’s observations aud 
opinions are accepted by Hall and collaborators only to a certain extent 
Full acceptance would have meant acceptance of some of the bodies as 
modified mitochondria or lepidosomes This attempt at reconciliation 
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between two schools of thought divided by a wide gulf becomes all the more 
difficult to understand when wc consider some of the arguments put forward 
by Hall Bowen asserted that the Golgi apparatus m metazoa is not stained 
by neutral red Bowen in his review of Protozoa (1928 d) savs "In grega- 
rines (Greganna cuneata, G polymorpha and Stetmna ovahs) Jo vet-La vergne 
(1920 6) finds that after the slow action of a sufficiently dilute neutral red 
solution, small red arcs, strongly coloured, appear in the cytoplasm, each 
bordering an ovoul mass weakly coloured by neutral red These bodies corres¬ 
pond exactly with the morphology, size and location of Golgi bodies demon¬ 
strated by methods of fixation and staining, and are similarly interpreted ** 
This sentence is misquoted by Hall m support of his contention that neutral 
red stains Golgi bodies thus " Joyet-Lavergne (1926) finds that after the 
slow action of a sufficiently dilute neutral red solution, small red arts (and 
also granules), strongly coloured, appear ” The important point of the 
arcs bordering the ovoid mass being omitted gives a very different meaning 
to the quotation from Bowen If small red arcs appear in the cytoplasm 
there is no reason to accept Parat’s suggestion that the crescent-shaped bodies 
are artifacts On the other hand, if they are artifacts, Hall (1931) should 
not have used Joyet-Lavcigne's (1926) evidence of the arcs staining with 
neutral red and blackening with osmic acid and silver nitrate, to argue against 
Beams and Goldsmith (1930), who said that bodies stained by neutral red and 
subsequently impregnated with osmic acid may be due to the direct chemical 
action between osmic acid and neutral red, lustead of the action of osmic 
acid upon pre-formed contents of the vacuole Hall’s answer is that Joyet- 
Lavergne described osnuophilic inclusions in a number of Protozoa based 
on material impregnated by the usual methods without previous treatment 
with vital dyes ” In a later investigation, Joyet-Lavergne (1920) stained 
certain gregarmes vitally with neutral red and was so impressed with the 
similarity between the neutral red globules and the previously demonstrated 
osmiophilic globules that he concluded the two sets of inclusions must be 
identical ” We have not been able to reconcile the observation of Joyet- 
Lavergne in sporozoa of " small red arcs strongly coloured—each bordering 
an ovoid mass weakly stained with neutral red ” with Hall’s statement of 
" neutral red globules and osmiophilic globules” 

Having shown thus far that the attitude taken by Hall is a mistaken 
one, we shall now show that Hall’s papers do not give an idea of the' vacuome ’ 
or Golgi being considered as living inclusions When terming any set of 
inclusions, Golgi apparatus or vacuome. Hall should have realised that the 
cytologists dealing with these inclusions have been considering them as 
living inclusions Gatenby even in 1919 has shown that the Golgi have the 
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power to assimilate, grow and divide Even ‘ vacuome' " appear never 
to arise dt novo (?) but art permanent elements of the cell handed on in cell 
division and ill rt production and are presumed to have a status comparable 
to that of the nucleus, plastidome and cytome” (Bowen, 1927) That being 
so, during tell division these ‘ globules ' should divide equally between the 
daughter cells and as the number thus becomes reduced they should exhibit 
vegetatm division during all growth In the whole scries of papers Hall 
refers to fluctutious in numbers only in Vorticella (Hall and Dumhue, 1930) 
and Lhlamydomvnas (Hall aud Nigrelli, 1931) Even here lie does not deal 
with these fluctuations as taused bv division as the following observations of 
his would show In different specimens of Vorttiella, he says, the number 
and to some extent, the size of the neutral red globules vary Ciliates from 
one culture may show verv few globules as compared with specimens from 
another culture In one instance, specimens from a three-day culture con¬ 
taining man> disidiug forms, showed very few globules as compared with 
material from older cultures After a week or more however, this difference 
was not noticeable “It stems that there is little accumulation of neutral 
red globules in Vorhcclla during the hrst few days after a culture is started, 
and it is not until the ciliates begin to divide less rapidly that they contain 
man> neutral red globules These observations might suggest that the 
vacuome bears some relation to the storage of food materials or the accumu¬ 
lation of waste products in the cytoplasm ” In Chlamydomonas (Hall and 
Nigrelli, 1931), the larger flagellates usually contain more globules than the 
smaller ones and the larger the globules, the fewer thev are in am one s]>eei- 
men The appearance of large globules according to Hall, cannot be due 
to conditions encountered in sealed slide preparations since such variations 
were seen in flagellates from fresh stock cultures " These variations suggest 
the possible occurrence of fusion or growth of smaller globules am) breaking 
up ot larger ones ” Thus Hall and collaborators have no clear cut ideas 
of the division of Golgi bodies 

In coming to a conclusion from the above analysis we feel that many 
of the Protozoan workers do not seem to have applied the criteria which 
define the Golgi apparatus in metazoa This mdefinitcncss about what 
constitutes the Golgi apparatus, and an acquaintance, in several cases, with 
papers on Protozoan cytology alone, have led to the mistaken belief that 
the vesicles and rings are artifacts The duplex structure of the- Golgi bodies 
is not considered at all and hence anv attempt to bring the observations of 
vital staining in Protozoa with those in metazoa is impossible because of the 
fact that no distinction into chromoplulic and chromophobic portions have 
been distinguished by many of the workers who assert that neutral red 
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stains Golgi bodies Joyet Lavergne admits that the staining does not 
remain long in the elements This evidence of temporary staining of the 
Golgi bodies has been used to demonstrate the Golgi material md has led 
to the mistaken belief that m Protozoa at least the vacuome ind the Golgi 
apparatus are one and the same thing Criticisms have been offered by 
many that these neutral red staining bodies are volutin, etc Leaving aside 
such criticisms we shall now consider win tlicr the terms ' vacuome ' and 
Golgi apparatus could be used for the same structure 

According to Hall and Dumlnie (1931) the usage of the terms ' vacuome 1 
bv some workers and ' Golgi apparatus ' by some others for the neutral red 
globules seems to be merely a question of terminology rather than anything 
else, since neutral red globules apparently satisfy the essential requirements 
for either classification Snell a statement r uses some fundamental issues 
such as (1) what is the Golgi apparatus and (2) what is the vacuome 5 As 
the Golgi apparatus was first demonstrated m metazoan cells and as modern 
conceptions about shape, structure and function of the Golgi apparatus have 
been largely based on the studies of cells from both vertebrates and inverte¬ 
brates, any structure if it has to be labelled the Golgi apparatus should show 
staining reactions and behaviour as noticed m metazoan cells unless it tan 
be clearly proved that Golgi in Protozoa have a differ* at structure, behaviour 
and function Hall and Dunihue after quoting Gatenby's (1929) statement 
that as the vacuome is not consistently argentoplnl the view that the vai uome 
is the Golgi apparatus is not tenable, remark that whether or not this objec¬ 
tion of Gatenbv is valid for metazoan cells, it fails to hold in Protozoa since 
a number of different workcis have already shown that neutral red globules 
react consistently to silver as well as osmic impregnation Such a state¬ 
ment does not carry conviction and it is at best a very curious argument 
In order to understand Hall's position we have to go back to Ins paper 
on “ Osimophihc Inclusions Similar to the Golgi Apparatus m the Flagellates 
Chromulma, Chdumoms and Astasia’ (19d<> a) There he mentions that 
Bowen himself had changed his opinion regarding the stamabihty of the 
Golgi material from ' certnmly not ' to * probablv not ’ and that other able 
cytologists go so far as to believe that the ‘ classical ’ Golgi apparatus may 
be a fusion produc t of either neutral red stainable globules or in part of modi¬ 
fied mitochondria He continues that wliatev. r mav be the status 
of vital or supra vital staining in the demonstration of the metazoan 
Golgi apparatus there appears to be no such problem in Protozoa Bowen 
in his survey of the structure of the Golgi apparatus in metazoa (192fi b) 
came to the conclusion that “ the important thing is that the Golgi apparatus 
is a substance, the exact modelling of which in the cell is purely a matter of 
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secondary interest ” In hts “ Introduction to the Methods for the Demon¬ 
stration of the Golgi Apparatus Part I ’’ (1928 a May) while speaking 
generally of the silver technique for the demonstration of the Golgi, he 
mentions that the lack of specificity in staining reaction will doubtless seem 
a very serious drawback, and that in inexperienced hands, sometimes in 
experienced ones, the dangers of misinterpretation are very real However, 
as in the case of stiver methods in neurological studies, he feels that there 
is no reason to discount the real value of the technique Rather is it our 
problem he says, to seize upon the results which come to us and make the 
most of them, and that such by-products of efforts to demonstrate the Golgi 
apparatus have sometimes proved more valuable than would have been 
the result had a more specific stain been obtainable The moral of all this 
is that one should be careful and that the " criteria for identification of the 
Golgi apparatus in a given case must be based upon its morphology and 
behaviour, not upon its staining capacity 

In his paper on osmic impregnation (19‘28 f, July) he comes to the con¬ 
clusion that "of all known methods for demonstrating Golgi material, 
that of osmic impregnation is by far the best " Hall confuses all these 
statements of Bowen and comes to the conclusion " This final decree 
leaves only ‘ morphology and behaviour ’ as the fundamental criteria for 
identification of Golgi material ’’ It will be seen from the chronological 
order in which Bowen’s conclusions are given that the decree attributed 
by Hall to Bowen is not final at all, for it is in a later paper and not in the 
same that Bowen savs that osmic acid is the best known substance for the 
demonstration of the Golgi material Thus Hall leaves out the staining 
with osmic acid and applying the criteria of * morphology and behaviour ’ 
comes to the conclusion that the criterion of behaviour fails to offer any parallel 
between sporozoa and metazoa According to him if one accepts the 'Golgi 
apparatus ' of sporozoa as homologous with that of the metazoa in spite 
of the scanty evidence offered by Bowen’s single available criterion * mor- 
pholog) ’, then the logical deduction seems to be that any «et of granular, 
globular, elongated or crescent-shaped inclusions in the Protozoa may be 
considered Golgi apparatus provided first, that they are blackened m osmic 
impregnation (and withstand the usual bleaching methods) and second 
that they may be distinguished from chondriosomes An additional criterion, 
that of vital staining with neutral red may, according to him, be used to 
identify the Golgi material of other Protozoa with that found in sporozoa 
Having shown previously that Bowen’s stress upon ‘ morphology and 
behaviour ’ did not weaken his assertion that osmic acid is the best known 
substance for the demonstration of the Golgi apparatus, we shall now show 
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that ' morphology and behaviour ’ are as important According to Hall 
if one accepts the contention of Bowen that the staining capacity must not 
be relied upon, the onlv other criterion left is the resemblance in shape between 
the sporozoan Golgi elements and the discrete metazoan Golgi bodies which 
vary both in size and form The above statement cannot be accepted since 
King and Gatenby (1923) and Joyct-Tavergne (1924) compare the behaviour 
of the Golgi bodies in various sporozoa to the behaviour of the same cell 
organ in some eggs, sperms and nerve cells 

In somatic or germ cells which are in a quiescent condition the Golgi 
bodies in metazoa generally occupv a place near the centriole and just 
before cell division they get scattered throughout the cell and also increase 
in number When the daughter celts separate they have been known to 
be equally divided between the two daughter cells It is this characteristic 
that has been used as one of the criteria by King and Gatenby (1923) to 
identify some bodies seen in Adelea as the Golgi apparatus Hall (1930 a) 
himself mentions that the Golgi apparatus exhibits certain types of 
behaviour in spermatogenesis, secretory cells, etc A critical analysis of 
these fundamental characteristics has been made by Gatenby even as early 
as 1920 which led him to classify the Golgi apparatus among living ‘ proto¬ 
plasmic inclusions ’, as distinguished from ' deutoplasmic ’ or non-living 
inclusions Further Gatenby comes to the conclusion (1919) that a uniform 
distribution of the mitochondria and Golgi apparatus during cell division 
has something to do with the control of cell metabohsm Growth and 
division of Golgi bodies have been observed during increase in size of the cell 
just prior to division and during intense cellular activity Bowen (1928 d) 
apparently seems to have included the charactenstics which led the Golgi 
apparatus to be included as ‘ protoplasmic inclusions' under the terms 
* morphology and behaviour ’ Another contention of Hall (1930 a) seems 
to be that the dispersed sporozoan Golgi apparatus is not even remotely 
similar in morphology to the original " apparato reticolaro mterno " of 
Golgi and since little is known about this phase of Protozoan cytology the 
Golgi material lacks the venerable antiquity necessary to the foundation 
of any concept of a ' classical ’ Golgi apparatus in the Protozoa It should 
be pointed out here that even though Golgi and his pupils conceived of the 
Golgi apparatus as essentially network-like in shape, Weigl was the first 
to show that in invertebrates they had a scattered distribution Weigl’s 
corrosive osmic fixation followed by post-osmication are being used to-day 
and many workers have succeeded in demonstrating the Golgi apparatus 
by Weigl’s technique in secretory cells of both vertebrates and invertebrates 
where though they have different shapes, they have an identical function 



10 M. K. Subramamam and R. Gopala Aiyar 

(see especially Bowen, 1920 a) When it is remembered that Golgi's original 
technique and that of Weigl show networks in vetrebrate somatic cells and 
discrete bodies in invertebrates and germ cells, when different somatic cells 
of vertebrates themselves show discrete bodies (lipoid or skin glands) and 
networks and when networks themselves break up into discrete bodies 
during cell division, the usage of the term Golgi apparatus seems to have been 
based on staining reactions, morphology and behaviour Even in Protozoa 
Hall's statement that the Golgi material lacks antiquity seems to be unjustified 
Hirschler even in 1914 demonstrated in sporozoa bodies which showed 
identical structure and behaviour as those found in metazoan cells investi¬ 
gated by him and hence any work on Protozoa on the Golgi bodies should 
proceed on the fundamental criteria employed bv Hirschler, in terming 
bodies seen by him m sporozoa as the Golgi apparatus 

Golgi's "apparato retlcolaro interno” has been designated by his disciples 
and followers as the Golgi apparatus and this procedure is followed by other 
students of cytology according to priority of nomenclature Proceeding 
on this basis any particular cell inclusion in Protozoa should be termed 
Golgi apparatus if it satishes the conditions according to which a host of 
workers have styled a particular organ of the cell as the 1 Golgi apparatus 
in metazoa Hall hints that these discrete inclusions mentioned by him 
in Chromuhna, Astasia and Chtlomonas (1930 a) may not be the Golgi bodies 
at all in the metazoan sense and that there is a probability of their being 
merely metabolic products which show the characteristics of Golgi material 
" Until more is known about this aspect of Protozoan cytology, such a 
question cannot be settled one way or another In the meantime, whether 
we accept the rather convincing arguments of Parat or follow the some¬ 
what bewildering dictates of Bowen, there is no reason why these discrete 
inclusions of Protozoa may not be accepted as true Golgi material, since, 
so far as the present criteria for identification of metazoan Golgi apparatus 
extend, these inclusions of Protozoa satisfy all essential requirements 
We have not been able to understand this particular attitude of Hall It is 
surprising that after stating the point of view of Parat that the classical 
Golgi apparatus may in part be modified mitochondria Hall suggests the 
acceptance of the discrete bodies as ‘ true Golgi material' As pointed 
out previously the fact that neutral red does not probably stain the Golgi 
material in metazoa itself shows that the discrete bodies shown by Hall 
do not satisfy all the essential requirements We should like to mention 
here that temporary staining of the chromophobic portion of the Golgi vesicles 
in Meretrtx eggs have been noticed by us (Subramamam, 1937), but never 
could the results be compared with what has been observed by Hall in various 
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Protozoa Neutral red vacuoles in Meretnx arise as segregation products 
and its segregation by the Golgi apparatus is comparable to the secretion 
of fat, fatty yolk and yolk in eggs 

Hall's (1931) reasons for considering the vacuome as the classical Golgi 
apparatus seem to be that (1) the vacuome is consistently blackened in 
osnuc impregnation (2) it is resistent to bleaching after osimcation , (3) it is 
consistently impregnated by silver methods , (4) so far as available observa¬ 
tions indicate, form and intra-cellular distribution of the dements of the 
vacuome are in general similar throughout Protozoa, and (5) a vacuome 
has been demonstrated m representative species of the major groups of 
Protozoa 

It is surprising that Bowen (1928 if). King (1927) and Hill (1933) who 
noted the disagreement as to what constitutes tlic Golgi apjiaratus in Protozoa 
have not defined the criteria on which are based the identification of Golgi 
material in metazoa Such a clear analysis of the criteria of staining, 
structure, shape and morphology of the Golgi apparatus in the metazoa 
together with what constitutes the vacuome will, wc believe, go a long way 
in clearing the position for a study of what constitutes the Golgi material 
m Protozoa 

Definition of the Golgi Apparatus 

1 The Golgi apparatus is a permanent structural element in the 
cytoplasm universally present in all cells 

2 In quiescent cells generally it has an excentrie juxta-nuclear posi¬ 
tion 

3 It possesses the power of independent growth and multiplication 
and is passed on from cell generation to cell generation by division processes 
which have been shown to be of special interest 

4 The Golgi apparatus arises only from pre-existing Golgi and does 
not arise de novo 

5 The apparatus assumes various forms and m invertebrates and 
germ cells generally it is constituted by discrete bodies having a duplex 
structure 

C The apparatus has a lipoidal basis and may also have a second con¬ 
stituent which is protein m character 

7 The Golgi material in many cases is set off rather sharply from the 
cytoplasmic background and could sometimes be seen in fresh material 
under ordinary and even dark ground illumination 

8 The apparatus is consistently impregnated by osmic and silver 
technique ahd u resistant to the usual methods of bleaching after osmication. 
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9 The apparatus shows an increase tn sire following an increase in 
volume of the cytoplasm or during active synthesis of visible granules from 
raw materials in eggs, sperms and secretory cells This hypertrophy is 
by an increase in number mainly in invertebrates and germ cells—also in 
vertebrate hpoidal cells—and by an increase in complexity and sire in those 
cells where networks occur 

Parat lays down the following Points for the guidance of Workers tn the Identi¬ 
fication of the Vacuome 

1 There are present in all cells two and only two kinds of formed 
elements in the cytoplasm The elements in question are (1) the chondriome 
or the mitochondria, stainable with janus green and (2) the vacuome stain- 
able with neutral red Thus janus green and neutral red {especially Krall s 
Microcolor) are considered spec lfic in a nanow sense 

2 The chondriome is a lipoidal phase and the vacuome a watery one 

3 The Golgi material of animal cells as usually described does not 
exist The appearance of a Golgi apparatus results from the fact that 
within, around and between the vacuoles of a cell osmic acid or silver nitrate 
is reduced to form an entirely artificial structure which going now this way, 
now that, produces that illusion of a rambling network Thus the network 
produced has no fixity of shape 

To summarise, the first essential characteristic of the vacuome is its 
specificity for neutral red and the second, its constancy The third is the 
nature of the vacuolar contents which arc never lipoidal (see Parat and 
Bergeot, 1925) but always watery with a reaction ' franchement acide ’ and 
probably made up m most cases of a solution of crystalloids, 

Facts against Considering the Vacuome as the Golgi Apparatus 

1 Vacuoles arc not universally present in animal cells 

2 There are two types of neutral red staining structures (a) artificial 
and (6) pre-existing Hence neutral red cannot be considered specific 

3 Osmic acid does not cause deposits within animal cell vacuoles 

4 Parat's explanation of the artificial nature of the Golgi apparatus 
as seen after silver and osmic technique does not cover the discrete bodies 
of invertebrates His interpretation that the rod-shaped bodies of Helix 
are modified mitochondria is based on staining with janus green and if this 
has to be admitted, there is also the fact that the vacuome may often be 
stained with janus green which strikes at the very root of his theory 

5 Even in lipoid gland cells of different kinds, the Golgi material 
appears in various forms always characteristic for a given cell type As 
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Farat has based his hypothesis on the results obtained in plant cells it may 
be mentioned here that though the vacuoles in the pro-inertstem cells blacken, 
they have not been observed to have the remotest resemblance to a Golgi 
network Moreover no precipitations have been observed between the 
vacuoles either in plant or gland cells 

0 The demonstration of the osmiophihc platelets (Bowen, 1927) and 
their being considered as homologous to the animal Golgi apparatus have 
shaken the fundamental basis of Parat’s theory 

As would appear from the criteria defining the vacuome, staining with 
neutral red is the most important criterion If this is so one wonders why 
the food vacuoles in Protozoa should not be termed vacuome Bearing 
in mind Parat's postulate it would appear that the food vacuoles in speci¬ 
mens studied by Hall satisfy more of the conditions than the osmiophihc 
bodies, for (1) they are all stained by neutral red , (2) often osraic acid and 
silver nitrate are precipitated inside these vacuoles, and (3) their contents 
are not generally lipoidall 

A persvtal of the above fundamental though elementary facts will show 
that the terms vacuome and Golgi apparatus cannot be used for the same 
structure If a body is to be considered as the vacuome, it cannot be termed 
Golgi apparatus for it is not lipoidal and if a body is considered the Golgi 
apparatus it cannot be considered the vacuome for it is not an acidic solu¬ 
tion of crystalloids 

In addition to the above fundamental differences between the vacuome 
and the Golgi apparatus, the test of cell nomenclature is how it works when 
applied to different categories of cells Considering the Golgi apparatus 
and the vacuome os essentially the same leads to enormous confusion making 
it difficult to reach any point of agreement between the different schools of 
thought Use of terminology is a matter where there cannot be serious 
differences of opinion and uii agreed terminology together with criteria 
defining what constitutes the Golgi apparatus will clear the field for a correct 
understanding of the shape, structure aud function of the Golgi bodies m 
Protozoa 

Analysing the results obtained in Protozoa according to the above 
criteria it seems to us that the contractile vacuole, stigma and parabasal 
bodies could not be considered as the Golgi apparatus because they possess 
no power of independent growth and vegetative multiplication In Jama 
annectans Duboscq and Grasse (1928) particularly emphasise the secretory 
activity of the parabasal during division They saw chromophile vesicles 
each composed of a cap of chromophile substance surrounding chromophobe 
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material being expelled into the cytoplasm Chatton and Grasse (1929) 
observed in Polykrtkos schwarizt osmiophile vesicles Three streamer-like 
parabasals have also been seen by them and they are inclined to think that 
the vesicles are the products of granules liberated by the parabasal remini¬ 
scent of the secretion of very similar structures by the parabasal in Jama 
Proceeding on the criteria given above for the identification of the 
Golgi apparatus the osmioplnle vesicles together with the parabasals con¬ 
stitute the Golgi apparatus 111 Jama for only such a concept enables even 
the parabasal to be considered as Golgi as postulated by Grasse It is 
surprising that osmioplnle vesicles described by these authors which have 
identical reactions as the parabasal itself in Jama are interpreted by them 
as secretion, whereas they have to be considered as Golgi bodies Hill (1933) 
Jn her review misinterprets Brown’s observations on Mtcrojanta and suggests 
that the vesicles and batonettes described by Brown may be mere vesicles 
secreted by the parabasal She forgets that in metazoa no case of a Golgi 
body secreting another has ever been noticed Taking both together, the 
osnnophile vesicles and the parabasal, they are seen to satisfy most of the 
conditions laid down for the identification of Golgi material in Jama If 
this is accepted, formation of osmiophile vesicles is not by secretion but by 
fragmentation It is not quite necessary that all parabasals should react 
to Golgi technique—and thus be considered parts of the apparatus—for 
the parabasals alone cannot constitute the Golgi apparatus Similarly the 
contractile vacuole alone cannot be accepted as the Golgi apparatus, for 
as in the case of parabasals and stigma it also does not show growth and 
vegetative multiplication though it may divide during cell division Hall 
(1930 a) records some interesting results in flagellates In a random example 
of 100 flagellates, 39 had both the contractile vacuole and the globules 
(which according to him stain with neutral red and are considered as Golgi) 
were blackened , 15 in which the globules, contractile vacuole and other 
cvtoplasmic vacuoles were blackened , 9 in which the globules and cytoplasmic 
vacuoles but not the contractile vacuole remained blackened , 25 in winch 
only the globules remained blackened , 3 in which the globules and cyto¬ 
plasmic vacuoles were bleached completely, while the contractile vacuole 
was only partly bleached , and 9 in which the globules and vacuoles were 
completely bleached 

Hall comes to the conclusion that as the globules were blackened in 
88 per cent thev alone are the Golgi bodies The same result offers another 
interpretation If the globules are to be accepted as the Golgi bodies, ft 
will be seen that in the largest number of cases (39 per cent) with no arti¬ 
facts both the contractile vacuole and the globules were blackened which 
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leads to the logical conclusion that both together should be considered as 
Golgi apparatus in the particular flagellates 

On the whole from a critical reading of the available literahue it appears 
that what is described in many eases as Golgi apparatus in Protozoa, excepting 
probably the sporozoa. does not answer to the definition of the Golgi apparatus 
and that further critical studies, bearing m mind that some of tht Golgi 
elements may become modified as the contractile vacuole, parabasal or 
Stigma in some species, may offer a new approach to the study of the Golgi 
apparatus in Protozoa 
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I Introduction 


Parts of India form some of the warmest regions of the earth In this 
tropical country, having a climate of great diversity and range, Sind is found 
to be the driest and hottest of all Its provinces, the distribution of solar 
radiation playing a prominent part in it Aridity is its mam characteristic, 
with Jacobabad (mean maximum temperature 113° F and mean humidity 
41 per cent) as the hottest and driest place in India The tropic of Cancer 
passes a little below its southern boundary and so the solar heat is great, 
coupled with longer hours of sunshine In the hot season The climate is 
reminiscent of-the Sahara type, and of that prevailing m hot and dry low¬ 
lands. It presents a great contrast with Assam at the other ehd of the 
country, as regards humidity—a contrast greater than that between Egypt 
and the British Isles It is rather cold in winter for the latitudes within 
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which it fall* (VI* , 23° 35' and 28“ 30' N). parts of it being cooler than the 
Punjab, situated higher up and encompassed between latitudes 29“-31“ N 

The thermal equator (the line of the greatest mean heat of the globe) 
passes through Sind " It has long been known that what is termed, the 
thermal equator, does not follow the course of the equinoctial line, where, 
on the average of the year, the sun's action is most direct and intense, but 
in the longitude of India bends northwards, running up through Ceylon 
and the peninsula to beyond the tropic and pasting through Sind, crosses 
thence to the Arabian peninsula 

In the matter of rainfall, another important factor of climate, the region 
also suffers greatly It is said to be " between the two monsoons ", known 
as the S W, and N E. It manages to miss the influence of the former, while 
the latter does not extend much beyoud the Canges basin The average 
rainfall in the valley is meagre and precarious. Contrast with this the region 
of Western Deccan, which receives almost the whole of its annual rainfall 
in summer and in abundance, and the N.W.F. Province with its main share 
of rains in winter The mountains on the west of Sind are not suffi¬ 
ciently high to catch the S W. monsoon currents in one part of the vear or 
to prevent the cold blasts from the Iranian Plateau from entering the region, 
in the other (See Plate I) 

Thus the chief features which affect the climate of Sind are:— 

(1) The tropical zone in its southern half and the temperate zone in 

its northern one 

(2) The position and direction of mountains, eg , the Himalayas 

which prevent the northern cold and induce the southern rams 

(3) The Thar Desert Region in the neighbourhood 

(4) Nearness or remoteness from the Arabian Sea 

(5) Presence or absence of forests. 

Within the region of Sind there are some marked climatic contrasts. 
There is an uneven distribution of rainfall from one end of it to another. 
Jacobabad has an average rainfall of 3 inches, while Nagar Parkar has 15 
inches There is almost no rainfall in some parts of the desert area ordi¬ 
narily, but in years of heavy downpour a whole season’s rainfall is received 
at some places in Sind in a couple of days, it being as heavy as 3 inches per 
hour, eg , on 17th June 1912, when 7 inches of rainfall were recorded at 
Karachi.** Places nearer the sea get somewhat better and regular rains. 
The diurnal and seasonal variations of temperature are also great in many 
parts of Smd The thermometer drops below the freezing point in winter 
with frequent cold spells and frost in North Sind, while heat waves with 
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whirlwinds and dust storms are common in summer throughout the Province 
There are no great forests in Sind to render the rainfall more effective except 
in a few narrow strips along the river banks Dry land winds blow most of 
the year. " It is this persistence of land winds which explains the aridity of 
the Indus Valley, for the south-west direction, that prevails in the Valley 
Itself, is merely that which is given to the current by the trend of the lulls 
that bound it,”' This dry wind system prevails over the greater part of 
the Province, except near the coaet, where the influence of the monsoon 
winds is felt somewhat But the chief causes of this draught in Sind are 
the deficient relief of land and the very high temperatures and low 
humidities, jointly operating to reduce the chances of rain or even of 
cloud formation (Ref. Simpson’s theory in Section IV) On the whole, 
the cl ima te of Sind can be called a Desert climate— a cold dry winter, 
alternating with a hot summer, with very meagre and precarious rainfall 

II. General C It matte Conditions oj India Affecting Sind 
A The Monsoons. 

India is one of the monsoon lands of Asia The word ‘ Monsoon ’ is 
derived from the Arabic mattsim, season or seasonal wind, the wind direction 
being the chief factor in the practice of navigation of those days This 
wind depends upon the principle that it always blows from places which 
have greater barometric pressure to where it is less This wind pressure 
gradient in its turn, depends upon the rate of heating and cooling between 
land and sea 

The very nature of the peninsular projection of India into the Indian 
Ocean helps this During the months of March, April and May the sun’s rays 
fall almost perpendicularly on Northern India and the barometric pressure 
in this region is the lowest, while over the Indian Ocean and lower down, 
the air is comparatively cool and the pressure high A flow of air is conse¬ 
quently generated inland from the seas, and, crossing them for nearly 4,000 
miles, it is charged with considerable moisture Also the hotter the air, 
the more moisture it carries in an invisible form But this current of air 
does not flow directly from south to north, due to the rotation of the 
earth, the air currents in the Northern Hemisphere circulate anti-clockwise, 
hence the S E trade winds On crossing the equator, they are caught in 
the circulation around the low pressure system existing oveT the N W 
comer of India and Sind, and move, over the region of the Arabian Sea on 
one side and the Bay of Bengal on the other, deflected as the S W monsoon, 
a cco r din g to Perrel’s I>w At the equator due to the rotation of the earth, 
the monsoon has acquired a high velocity of hundreds of miles per hour; 
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but as it goes up to higher latitudes it reaches the air currents which 
move slower and hence overtake them, deflecting itself eastwards 

Over Sind, there is m summer a persistent depression with an oval 
isobar of only 29 inches round about Jaeobabad, and an isotherm of about 
100° F co-terminous with it There is, therefore, a difference of nearly 
an inch of barometric pressure between South India and this region, which 
at once becomes a theatre of great atmospheric depression, breeding thunder¬ 
storms and air disturbances In this respect the contribution of Sind to 
the whole country of India and its rainfall is really very great 

On entering India, tills moisture is precipitated as the air advances 
northwards over the country, because the general pressure distribution 
over Asia and the Indian Ocean forces it into this box or cul-de-sac, out 
of which it can only find a way by rising over the sides ”* 

Causes of Precipitation —But though, the chief cause of the rainy season 
is this pressure distribution over land and sea, actual precipitation of ram 
is due to several other circumstances The orograpliical structure of the 
whole country is mainly responsible for it At the very outset the Western 
Ghats obstruct the path of the monsoon Such an obstruction is beneficial, 
as the air currents are pushed upon a height of nearly 5,000 ft and the vapour 
is condensed Also, as the currents blow across the whole country, they find 
no openings in the north, north-west and north-east being blocked by the 
extra-peninsular mountain ranges of insurmountable heights They, therefore, 
must rise higher and higher This ascensional movement, thousands of feet 
above the sea-level, causes complete condensation and rainfall for the 
country 

Branches of the S W Monsoon —It should be noted that these ascen¬ 
sional movements flow in two different directions (I) Those flowing over 
the Arabian Sea crossing the Ghats and penetrating the Narbada and Tapti 
Valleys called the Arabian Sea branch and (2) Those blowing from the Bay 
of Bengal along the Burmese Yomas and the Assam Hills called the Bay 
branch of the summer monsoon Further still, as the Bay current is checked 
by the Himalayan barrier, it bends westwards as the S E monsoon and 
passing up the Gangetic Valley, it reaches the eastern limits of the 
Punjab in a very weak state 

Those parts of India, which do not lie within the paths and ranges of 
these two S W and S E monsoon currents, those which lie m the rain- 
shadow areas, and those, again, which have low or no mountain barriers, 
receive scanty rainfall w this season Thus Mahabaleshwar, 4,500 ft. on 
the windward side of the Western Ghats, receives an average rainfall of 300 
inches, Poona and Bangalore on the leeward side of the Western Ghats 
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receive only 25 and 10 inches respectively, while Peshawar in the extreme 
N W gets less than 15 inches and Jacobabad in Sind less than 5 inches 
Most of Sind lies outside the path of the S W monsoon and it has no high 
mountain barriers to catch it The other branch of the summer monsoon, 
in* , the Bay current, giving as much as 600 inches (average) to the 
Assam Hills (Cherra Punjee), does not reach parts of Sind and the Punjab, 
as the currents get weaker and weaker as they travel further westward 
thus Peshawar gets only 4i inches and Sukkur 2 inches during the whole 
summer season Even the cyclones, developed in the Bay of Bengal during 
the monsoon period, do not usually travel as far as the Indus basin 

This wet season lasts for about four months from June to September, 
at the end of which period the moisture is exhausted and the currents become 
greatly weakened As a rule three-fourths of the total annual rainfall in 
India is caused by this monsoon current 

N E. Monsoon —By the end of September, the meteorological condi¬ 
tions in India are reversed The rays of the sun are also aslant in these 
months While the S W monsoon is still hanging over the country, 
particularly over Bengal, the air over the greater part of Central Asia 
becomes cold and an anticyclone, exceeding 31 inches and resting on 
Tartary, is developed North of this region, the barometric pressure 
slopes away to the Arctic Ocean and south of it, it falls away to the 
equator, thus causing the Central Asiatic anticyclone to be persistent for 
some time 

On account of these changed conditions, the S W monsoon current, 
still flowing into the Bay of Bengal, cannot enter this high pressure region, 
but retreats and goes round the area of low pressure in South India, as what 
is called, the retreating monsoon This is also called N E monsoon " After 
September, the region of chief indraught gradually travels southwards, 
the moisture-laden winds from the Indian Ocean no longer penetrate so 
far in a northerly direction Accordingly, in October the pressure tn the 
Bay of Bengal is in general the lowest in the area, lying off the Madras coast, 
and from this time onwards, rain occurs m the Peninsula chiefly m connec¬ 
tion with a senes of depressions or areas of low pressure, which form in the 
Bay of Bengal and strike the coast The ram-bearing winds at such times 
are north-easterly and hence the rams of the N E monsoon This current 
does not affect Sind It gets gradually exhausted in its passage westwards 
and there is a break in the rains for about a month or so, vtx , October 

Winter Ratns in Northern India —By November-December the tem¬ 
perature at Jacobabad falls as low as 60° F and though the pressure gradient 
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is also low, steady winds begin to flow from the N.W. 'These are 
mainly continental winds and therefore, dry But where they pas# 
over portions of the seas, snch as the Persian Gulf, they cftrry some moisture 
which is condensed and precipitated by the northern winds Thus we have 
snows on the Himalayas and winter rams in Northern India 

It should be borne in mind that the belt of high pressure and the anti- 
cyclonic conditions in winter are not local but stretch over a wide area 
of varying physical features from the Mediterranean to Central Asia as far 
as N E Cluna, corresponding to the belts of high latitudes in the Atlantic 
and the Pacific Oceans As a result of this, shallow or feeble storms pass 
successively across Central Asia and occasionally also over Northern India. 
Thus lighty clouded skies and occasional showers of rain are the predominant 
weather conditions in winter in the Indus basin 
B Other External Causes 

Apart from the regular monsoon currents, such cyclonic storms or 
disturbances as cross the whole region are a very important feature of the 
climate of Sind Hr B N Banerjee‘ has classified the meteorological condi¬ 
tions prevailing over the section of the Persian Gulf to Karachi, under two 
distinct types, the winter and the summer, western depressions and eastern 
depressions respectively These storms differ from the regular cyclones, which 
are winds of great destructive violence but uot bearing much rain The 
cyclonic storms, though milder, are very extensive and bring about winter 
rains in Northern India 'The difference of barometric pressure or gradient 
too is very small, e g , about A mch " Also they are more lasting 
than the cyclones, and at times bring torrential rains They travel over 
hills without any loss of energy unlike cyclones, which are dissipated 
by mountains ” Thus floods are caused when a shallow low disturbance 
is superimposed on the general regiona! flow It has been noticed that the 
Makran Coast from Gvadar to Karachi is disturbed more by summer 
weatbeT storms than by winter ones, while in the interior of Sind and the 
Punjab it is the western (winter) disturbances which count more 

Winter Conditions • Western Depressions —From December to February, 
depressions originate as far as the Atlantic Ocean and the Mediterranean 
Sea and periodically pass through the region of high pressure or the anti¬ 
cyclone belt created in Central Asia in the cold season. Whenever they 
pass over masses of water, e g , the Persian Gulf, they carry moisture which 
is ultimately precipitated as rain elsewhere There are original or parent 
depressions, which are formed at the meeting place between the polar and the 
equatorial air, and depending upon this " junta-position of twp different 
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air masses, having different characteristic properties, such as temperature 
and humidity " Then there are secondary depressions, which are formed 
generally “ when the members of the family are moving over hilly regions 
or are nearing the end of their activity ”, and which having been thus formed, 
behave like other western depressions These depressions generally move 
north-eastwards along a big front. “ Older members dying out at one end 
and new ones appearing at the other 

The nature of such a western disturbance is three-fold, that is to say, 
there are three distinct weather conditions, following one another, as it moves 
onwards (1) The warm front stage, whereby an air mass warmer and more 
humid moves forward and there is a sudden change of wmd direction with 
rise of temperature and cloudy air accompanied by squally weather with 
passing clouds and drizzles or fog (2) The warm sector stage, by which 
weather becomes settled down but with very high temperature and humidity 
It is the steamhousc of the depression. (.1) The cold front stage, whereby 
a mass of cold air enters the area and there is a sharp change of wmd 
direction with a rise of barometric pressure, reduced humidity and sharp 
convectional currents The result is squalls, thunderstorms, dust-storms 
and showers of rain 

These western depressions generally occur several times during a winter 
month and depend for their intensity upon the degree of contrast existing 
between the two air masses, pointed out above 

Only a portion of these cyclonic storms or disturbances affects the 
Indus basin and Sind On reaching Makran, they generally split themselves 
into three streams covering (1) Western Highlands, (2) The Punjab and 
Kashmir and (3) Sind The last stream is rather feeble and so gives 
quite a little rainfall in the region of our study On crossing the Kirthar 
Range the storms usually develop secondary depressions which also create 
disturbed weather in Sind 

Summer Weather and Eastern Depressions— From June to August, the 
low pressure area extends from N.W India to Iran and Arabia and 
depressions arising In the Bay of Bengal or the Arabian Sea and moving 
across Central India pass through this low pressure region Like the western 
disturbances, these storms are also caused by the encounter of air masses 
of different weather conditions, e g , the S.W monsoon winds and the N.E 
winds from the Bay At some tunes they die out when resting over Central 
India, but at other times fresh depressions arise from them over Rajputana 
'< At the meeting place of the fresh Arabian Sea monsoon air and the land 
ait which is the old and modified air from the Bay.” T Whenever, such 
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a secondary depression travels westwards with fresh vigour, there is a chance 
for Sind to get rains " These eastern depressions, when they are over N W. 
India, induce an inflow of the Arabian Sea monsoon current, which, because 
of its moisture contents, maintains the activity of the depressions, whereby 
cloudy weather, storm winds and rainfall occur in Sind *'• 

Also, while moving further towards the west into the Arabian Sea off 
Makran, such depressions cause rough seas and squally weather over the 
Pasni-Karachi section 

Transition Periods —Between these two distinct periods of winter and 
summer depressions, i e , between September and November and between 
March and May, which are called transition periods, the characteristics 
of both the depressions are noticed,—not extensive storms, but only localised 
weather disturbances without any regular sequence of phenomena Thus 
feeble or strong, local or wide-spread disturbances of weather are likely to 
occur in Sind throughout the year 

Cold and Heat Waves —The passage of cold and heat waves through 
our province can be understood easily, as the foreign disturbances described 
above are their cause As they pass over Sind, the weather invariably 
becomes abnormal, i e , abnormally hot at one time and abnormally cool 
at another These waves are the distinct triple-weather conditions noticed 
above, in connection with the depressions and disturbances Such weather 
spells are frequent m the winter months, e g , about half a dozen in January 
They have a mass of warm air in their southern and eastern quadrants and 
cool air m their northern and western quadrants As soon as they approach 
a station, there is a rise in temperature which then drops to several degrees 
below normal, when the depression has passed awf\y The weather remains 
abnormal, until another depression from the west approaches Side by 
side with these disturbances there is good rainfall or snowfall in the localities 
crossed by them At times they travel eastwards as far as Bengal, Burma 
and Assam and even beyond, if they are strong enough 

One or two examples of such waves may be cited here In January, 
193B, a western disturbance passed over the Gulf of Oman, the Punjab, 
the United and the Central Provinces causing snow or rainfall m all 
these areas The depression was followed bv cold waves, which affected 
Makran and Sind, Nawabshah recording the lowest temperature, of 27° F , 
while at other stations in Sind the freezing point was passed 

The following minimum temperatures were recorded at Manora and Drigh 
Road, though the disturbance did not directly affect the two localities — 
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January 

1935 

Manors 

Drigh Road 

Fall of 
Temperature 

12th 

55° F 

51* F 


13th 

48° F. 

40° F 

10° F -12° F. 

14th 

47° F 

37* F 



Notice the great difference also between the temperatures of the two 
places, in* , as much as 10° F , though they arc only 10 miles distant 
There was another instance of a heat wave, followed by a sudden drop 
in the temperatures, recorded at Dngh Road, during the same winter season, 
vir , on the 12th Novenber 1934 


79" F 
85° F 
91° F 
91° V 


1° F. 
8° F 
8' F 
9° F 

10° F 
12° F 
12° F. 


Similarly, spells of heat in summer months are also usual e g 


May 1937 j 

j Manors 

Drigh Road j 

Departure from 
the Normal 

Max T 

Min. T 

Max. T 1 

Mm T 

16th 


80° F 

91° F 

80° F 

■j 

17tb 

87° F. 

79° F. 

102° F 

81° F 

> + 5° F -10° F. 

18th 

94 -8° F. 

80° F. 

111° V 

81° F 

) 


Such instances can be easily multiplied, the weather conditions of places 
under the disturbance being invariably abnormal for instance, temperatures 
in the Nawabshah District are very uneven for places not very far from one 
another. The effects are definitely localised 
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C. Local Storms. 

In addition to these storms, there are other local afternoon 
disturbances occurring in Sind. They are due to convectional currents 
and contrasts of weather such as high temperature, diurnal range of tem¬ 
perature and differences in humidity, which cause thunderstorms, dust- 
storms and squally weather, whenever there is the transition stage between 
the two seasons, eg, (1) March to May and (2) September to November 
During these months India is not affected by storms from abroad and it 
becomes "an independent meteorological area". They occur in Sind and the 
Punjab, and the time is generally in the afternoon, when these convective 
movements are the strongest At times, when the influence of a passing 
western disturbance from the Persian Gulf synchronises with the maximum 
convectional conditions of the afternoon, sharp thunderstorms and squalls 
may occur at a station but a neighbouring station may not be affected at 
all • The results are local dew, fog, ram, etc , while the general weather both 
at sea and upper air layers is more or less settled 

Flood Years and Flood Menace —Due to such meteorological and other 
conditions, Sind gets abnormal floods in some years The following are 
some of the notable flood years in Sind 



These floods are caused by two chief agencies .— 

1. Meteorological causes, as stated above 

2 Physical features and conditions of drainage —There are a number of 
Nais or hill-torrents from the western highlands bringing m torrents of water 
down into the valley below, eg, The Gaj, the Nari Often they flood the 
Larkana and Dadu Districts 

On the other hand, the annual inundations of the Indus, which flow* 
on a bed higher in level than the surrounding country, cause floods, which 
prove to be disastrous 

3 Artificial bund breaches —Due to heavy floods and the force of torrents 
not only from the Nab but also of the Indus, breaches are made in the various 
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protective bunds, causing considerable damage to the fields and human 
beings. Such breaches are now controlled by the Public Works Department. 

4 Conditions in the upper reaches of the Indus —These are the breaking 
of glacier dams, e g , Shyok glacier dam, snow-melting and river-damming 
by landslips. 

HI Chtnatic Divisions of Sind. the Seasons 
The ancient writers divided this province of the Lower Indus Basin 
into three parallel zones, vix , Slro (Upper), Vacbelo (Middle) and Lar (Lower) 
Sind, and from the point of view of climate they are found appropriate, 
though one is tempted at present to retain only the two chief ones, the Upper 
and the Lower [See Plate 1(a) ] 


That theses divisions are suitable for practical purposes can be seen 
from the following data [Average of 30 years (1901-1930) India Weather 
Reviews—Iadta Meteorological Department} 


Condition 

Siro 

Vaoholo 

Lar 

Mean Max. 




(June 1919) 

117-4" P 

110-8" P (1908) 

96 8° p (1901) 

Mean Min. 

Monthly T. 

(Jan. 1903) 

1 

38.2" F. 

47-3" F (1926) 

62-2" P. (1903) 

Range of T. 
(Seasonal) 

69' P 

46" F 

34" F 

(Monthly—May) .. 

49" F. 

26" P 

10" F 

Mean Humidity 
(Annual) 

87% 

61% 

73% 

Mean Rainfall 
(Annual) 

3- 44 ' 

7-92' 

7-81' 


Characteristics of the Chmatic Sub-Dnnsiont, 

1. Upper Sind —Chief locality . Jacobabad ; height above sea: 186 ft. ; 
distance from the sea. 300 miles 
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is the lowest in Sind and temperature is the highest (e g , the highest tem¬ 
perature recorded recently is 127° F in June 1919; The air is generally 
very dry There is a great range of temperature in winter and frost is 
common The climate resembles the continental 

2 Mtddle Sind —Chief locality Hyderabad; height above sea: 96 ft,, 
distance from the sea • 126 miles 

The SW, monsoon winds have in this region an average speed of 11 
miles per hour in June Rainfall is slightly more than at Karachi in some 
years The temperatures are lower here than in Upper Sind and humidity 
is moderate The range of temperature is also much less than that at 
Jacobabad Dry hot days and cool nights are summer characteristics of this 
sub-division 

3 Lower Stnd —Chief locality Karachi, height above sea 6 feet, 
distance from the sea 8 miles 

The winding coastline affects this region to some extent This coastal 
and deltaic area is naturally damper, with smaller ranges of temperature 
and pressure The S W winds in summer and N E winds m winter are the 
prevailing air currents Rainfall is at times a little less than in Middle 
Sind Humidity is the greatest and the temperature moderate throughout 
the year Dampness causes muggy or oppressive weather in summer The 
climate is maritime 

Seasons —In an arid sub-tropical region such as this, there arc only 
three main seasons of nearly * months each 

1 S W monsoon season, from July to October (the retreating monsoon 

does not affect it appreciably) 

2 Cold season from November to February 

3 Dry hot season from March to June 

In (1), the rams are not general as in Peninsular India, but only occa¬ 
sional, the wind direction is S W or S E and humidity is on the 
increase The 15 days monsoon period is 9th July to 23rd July 

In (2), the rains arc only cyclonic storms and the usual direction of the 
wind is N or N E (Trade wind) When it does not ram and the sun shines, 
the weather is fine and bracing It gets cooler and cooler as we go from 
south to north from an average of 60° F at Karachi to 40° F at Jacobabad 
This is the touring season of India 

In (3), the temperature of the air gradually rises to the maximum in 
June-July The sun shines directly over Sind and the wind direction 
changes from N W, to S E. The isotherm of 85° F. passes through Karachi, 
while round about Jacobabad the mean temperature is 96° F. 
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IV Chief Clmatic Factors and Elements 
It is now necessary to consider the chief climatic data that are available, 
vu, temperature, barometric pressure, relative humidity, wind system 
and rainfall. 

1 Temperature 

Sind is uniformly very hot in summer and comparatively cool m winter, 
as the records of 30 years (1901-1930) clearly show (See Plate II) 

Sind derives its heat from the following sources — 

(l) The sun, which shines for the greater part of the year in cloudless 
skies 

(n) The rocks which are barren and the soil which is and, sandy and 
saltish and which absorbs and radiates heat quicklv 
(ill) The warm front of the wave of a cyclonic storm approaching Sind 
(iv) The warm N W winds from the Iran Plateau in summer 
At times, there blows a harmful wind analogous to the .Simoon of Arabia 
and the Sahara, while dust-storms with whirlwinds are common m the hot 
weather period The eddies, as much as 10 ft wide in dusty areas, rise 
to a height of some 200 ft 

There are at the same time many ways m which heat is lost and cold 
ensues 

fi) The air is still and the sky clear and there is little humidity or 
water vapour, in it to absorb heat 
(u) The rocks being barren and not covered with grass, there is quick 
radiation of heat towards the close of the day 
(iii) Cold winds from the snow mountains in the north and the north¬ 
west blow during winter and reduce the temperature of Sind 
to a great extent 

The month of January, for example, may be very cool from cold winds 
in one year and from nocturnal radiation of heat m another 

Mean Maximum Temperature —The graphs drawn, for the mean maxi¬ 
mum temperature, show that there is a steady rise of temperature at Karachi, 
from 76° F m January to 91 •6° F in June, which is the hottest month in 
the year It then begins to fall upto86-7°F in August and remains 
more or less steady in September; then after a slight rise in October, it falls 
rapidly for November, December and January. 

The graph for Hyderabad differs slightly from that for Karachi, 
that the maximum temperature is reached in May, with a rapid fall np 


.5 5 
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August In September aud October there is a gentle nse and then a sudden 
fall agam for the winter months of November, December and January. 

Jacobabad is more irregular than either of the above stations. After 
the fall m winter there is a very steep ascent in February and March and 
a slight nse in April, then again a sudden rise for May till the maximum 
is reached in June The fall after June is also sudden and rapid with 
practically no rise m October, as in Middle and Lower Sind (See Plate II) 

The average annual maximum temperature for Karachi is 86-5° F., 
for Hyderabad 93 3® F and for Jacobabad 95-6° F 


Mean Maximum T. 
Average of 30 years (1901-1930) 
(India Weather Review* ) 


Month 

Karachi 

Hyderabad 

Jacobabad 

January 

78 0 

76-8 

72*7 

February . 

77-7 

81 -4 

77-5 

March 

83-1 

93 8 

90 *7 

April 

87 0 

101 -2 

101 -8 

May 

90 3 

107 -0 

111-3 

June 

91-6 

104 6 

113-7 

July 

89-6 

99-6 

108-5 

August 

80-7 

95-5 

103 9 

September 

88-8 

96-7 

103 -9 

October 

88-0 

97 5 

98-8 

November .. 

86 -1 

88-9 

87 -3 

December .. 

79 -3 

78 -2 

75-5 

Annual 

83-6 

93-3 

98 -8 


Mean Minimum Temperature—The graphs of the mean minimum 
temperatures of the two stations of Karachi and Hyderabad are smoother 
than those for Jacobabad. The coldest month for all three places is January 
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The fall of temperature in greater at Jacobabad in September, and again 
in November and December than at the other two stations 

The annual average minunium temperature at Karachi, comes to 71 -2° F , 
at Hyderabad to 68-7° F and at Jacobabad to 66 4 9 F. only 

Mean Minimum T 
Average of 30 years (1901-1930) 

{India Weather Revtews) 


Month 

Karachi 

Hyderabad 

Jacobabad 

January 

66-7 

80 5 

44-1 

February 

59-5 

64 0 

49-1 

Maroh 

67-3 

63 5 

60-6 

April 

74 1 

71-8 

70-6 

May 

78 9 

78 1 

i 78-1 

June 

82 1 

82 0 

85 1 

July 

81 3 

81 7 

85 6 

AugUBt 

78-5 

70 6 

82 5 

September 

76 9 

76 3 

70 0 

October 

73-8 

70-8 

65-7 

November . 

68 3 

60-8 

53-5 

December ,. 

68-8 

52-1 

44-7 

Annual 

71 -2 

68-7 

66 4 


The above table shows that the coastal strip has a more equable climate 
than places further inland, Jacobabad faring the worst m this respect 

Fluctuations in the Three Decades (1901-1930)—The graphs for the 
average temperatures (maximum and minimum) for the whole year indi¬ 
cate that they were more or less steady in all the decades for Hyderabad 
and Jacobabad, while those at Karachi slightly fluctuated. The following 
are the mean (mean of 30 years 1901-1930) temperatures at the three 
places:— 
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Station 

Max T 

Mm T. 

j Average 

Karachi 

86 5° F 

71 2° F. 

78 3* F 

Hyderabad 

9J 3° F. 

68 7“ F 

81 •0° F. 

Jacobabad 

95 5° F 

60 4” F 

80 .9* F. 


Range of 7 cmperaturc —Both ah regards the dally and monthly ranges 
of temperature, Hyderabad and Jacobabad differ from Karachi, where the 
range is small, owing to the influence of the sea But even at a little distance 
bevornl the coast-lme, e g , Dngh Road, it increases considerably 

The accompanying thermograms (see Plate II) of Karachi show 
the daily range near the sea very clearly The daily range in summer months 
is much smaller than in November and December The day's temperature 
is the lughest m the afternoon, about 2 pm, and the lowest in the early 
morning at 5 a.m 

At Dngh Road the daily range is upto 36° F , at Hyderabad upto 40° F 
and at Jacobabad upto 45° V 

The following table gives an indication of the monthly ranges of tem¬ 
peratures in Sind 

Mean Monthly Range of Temperatures 


Month 

Karachi j 

Hyderabad 

Jacobabad 

binary 

27 1° F 1 

25 -3° F 

42 ’8° K 

»y 

10 8° F 

20 -5° F 

49 5° V 

dy 

9 0° F 

17 -8° F 

36 •7" F. 

avember 

5 7° F. 

28 5' F. 

50-4° F 


(Gazetteer of the Province of Sind B Vols ) 


The monthly range of temperature increases from the coast north¬ 
wards till near the Upper Sind Frontier it goes to over 60° F in winter. 
It is also greater m winter than in summer Owing to the S W monsoon 
current the range of temperature near the coast is not so great hi summer. 




Climatic Conditions tn Sind 


35 


2 Barometric Pressure 

Indirectly due to these temperatures, the barometric pressure is the 
lowest at Jacobabad and the highest at Karachi The difference between 
the lowest pressure m July and the highest in December is (l) at 
Karachi, -568 inches; (2) at Hyderabad, 021 inches and (J) at Jacobabad, 
670 inches, as the following table of monthly average pressure shows, — 


Barometric Pressure 
Average of 30 vears (1901-1010) 
(India Weather Reviews) 


Month 

Karachi 

Hydcrabadj 

Jacobabad 

Remarks 

January 

30 090 

JO 000 

29 921 


February 

30 002 

29 941 

29 817 


March 

29 933 

20 834 

29-733 


April 

29 831 

29 710 

20 597 


May 

29 723 

20 589 

29 160 


Juno 

29 500 

29 432 

29 -295 


July 

29 522 

29 J91 

29 260 

howest in the year 

August 

29 599 

29•<67 

29 35J 


September 

29 747 

29 019 

29 500 


October 

20 902 

29 790 

29 699 


November 

30 024 

29 935 

29 852 


December 

30-090 

30 012 

29 930 

Highest in the year. 

Annual 

29 839 

29 728 

29 021 



3 Relative Humidity 

There is a great divergence also in the relative humidity of the 
three stations The difference between Karachi and Jacobabad amounts 
to 35 per cent in the months of April and May The driest month in 
Karachi is December, whereas in Hyderabad and Jacobabad it is April 
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due to there being more winter showers. The greatest amount of 
humidity, however, is in August at all three stations due to the influence 
of the S W. monsoon current Hyderabad is distinctly drier than Karachi, 
but Jacobabad is drier still 


Average Monthly Humidity 
Average of 50 years (1901-1030) 
(India Weather Reviews.) 


Month 

Karachi 

% 

Hyderabad 

% 

Jacobabad 

% 

Remarks 

January 

61 

61 

65 


February 

67 

68 

54 


March 

71 

63 

46 


April 

76 

62 

41 

Lowest in Upper and 




Middle Sind. 

May 

78 

66 

43 


June 

79 

64 

57 


July 

82 

60 

66 


August 

81 

72 

71 

Highest in all Sind. 

September 

82 

70 

68 


October 

74 

61 

56 


November 

62 

56 

56 


December 

68 

69 

63 

Lowest in Lower Sind. 

Annual 

73 

61 

57 



Thus in the interior the air is dry, though hot, m summer and hence 
not so distressing as on the coast; after sunset the humidity is reduced 
for a while, the heat from the ground radiating quickly, and nights are 
therefore cool As there is a greater range of temperature in winter, there 
is also a greater increase or decrease of humidity. 

Frost —Some parts of Siud are visited by frost in winter, the necessary 
conditions being fulfilled, vis , %.e, (1) a clear sky, so that radiation is not 
hampered by clouds and (2) a calm night, when the layers of air in contact 
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with the ground are cooled Whenever the temperature of the ground 
falls below the freezing point, the air in contact with it is so much cooled 
that the water vapour In its lavers immediately above it or in the voids among 
the soils w condensed into ice particles or frost This kind of frost is found 
frequently in Upper Siud, but rarclv in Lower Sind Some years are notable 
for severe and prolonged frost, causing great damage to crops, eg, 4th 
January to 4th February 1934 10 

Cloudiness —The skies in Sind are cloudy during the monsoon season 
and also during the months of December and January, but in other months 
they are very clear As a rule, afternoons are more cloudy than the rest 
of the day 


4 Wind System 

Average of 20 years (1901-1920) 
(India Weather Reviews) 


Season 

Wind 

Direc¬ 

tion 

Karachi 
Days t 

Hyderabad 

Days 

Jacobabad 

Days 

Remarks 


N W 

35 

26 

29 




25 

42 

172 

(Predominantly ''aim 



33 

69 

21 

weather in Upper 






Sind) 


N.E 

09 


22 


Dry Hot 

E. 

16 


24 



SB. 

4 

6 

62 



8. 

3 

60 

24 


Monsoon 

8.W. 

50 

134 

8 

(Force of SW mon¬ 






soon in Middle Sind) 


W 

130 

14 

3 

(Westerly wind pre¬ 






dominant in Lower 





— 

Sind) 

Total No. of Day*.. 

365 

365 

365 



The above data show that the predominant wind direction tn Karachi 
is westerly for over four months of the year During the months of May 
to September, the general wind direction is S W and during the winter months 
of January, February, November and December it blows from the N E., 
while in the intermediate months, before and after the summer season, the 
direction changes to N W. It rarelv blows from the south or east 

At Hyderabad the S W direction is the most conspicuous from April 
to October, while in winter the N W. direction prevails 
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At Jacobabad there is practically no wind for half the year During 
the other half the direction swings from S E to N E m the hot season and 
from NR to N W m winter [See Plate I (a) J 

The influence of the S W monsoon wind reaches nearly a hundred miles 
inland and so evenings are generally cool at Hyderabad in summer 


Wtnd Velocity {Miles per Hour) 
Average of 20 years (1901-1920) 
{India Weather Reviews) 



The above table shows that near the seashore the wind velocity 
is greater, while m Upper Sind it is generally calm for nearly half the year 
During the cold weather months the wind velocity varies from about 6 miles 
in Lower Sind to only about 1 5 miles in Upper Sind It begins to increase 
from March and \pnl, until it reaches its maximum velocity of about 15 miles 
in Lower Sind, about 11 miles in Middle Sind but only about 4-5 miles in 
Upper Sind With the occurrence of dust storms and cyclonic rams, the 
wind velocity is natnrnllv higher 

Local Land and Sea Breezes —No special study of winds prevailing locally 
at the different centres has yet been made except at Karachi 11 Recently 
owing to the requirements of the Dngh Road Airship Base and Aerodrome 
and as a result of the facilities available at the Meteorological Observatory 
there, Dr Ramdas** has produced a valuable paper on the local afternoon 
sea breeze at Karachi, occurring during the non-monsoon period of October 
to March This breeze is calculated to be a result of the difference in tem¬ 
perature and pressure above land and seu and due to the difference in solar 
insolation His hmling is that " The breeze sets in during the afternoon 
and has some of the characteristics of a cold front it sets in suddenly, is 
usually colder, more moist and has a greater velocity than the preceding 
land breeze ” This land breeze, again, is part of the prevailing winds at 
lower levels over the whole of Sind, the normal direction being N W and 
N E and the actual direction and strength of the winds are determined by 
the position and intensity of the seasonal anticyclone over North West 
India. 
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The general characteristics of the breeze have been summarised as under : 
“ The sea-breeze first sets m at Manora, then moves towards Drigh Road 
through the Karachi City The time taken by the sea breeze to reach the 
Airship Base varies from 1 to 3 hours Before the arrival of the breeze at 
the Airship Base, the previous land breeze, if any, drops to calm and the 
setting m of sea breeze is accomjiamed by a fall of temperature (about 5° F 
to 3 -5° F ), rise of humidity (from 5%to 30% and above), shift of wind direc¬ 
tion to west-south or south-west, and an increase of wind velocity 
The transition from land breeze to sea breeze is more and more marked as 
the latter proceeds inland The sea breeze front appears to be somewhat 
diffuse near the coast but by the time it reaches the Airship Base it 
becomes quite sharp owing to increased contrast with the land-breeze 
It has been also noticed that this sea-breeze is not the actual gradiant 
wind, i e , westerly and north-westerly breeze but owing perhaps to the hills 
to the north-west and north of Karachi City, it is deflected largely to the 
west-south-west and south-west direction 

Thus it can be seen that in the climatic elements of t< mperature, baro¬ 
metric pressure, humidity and wind system, Sind in general has three distinct 
regions differing from one another How far precipitation agrees with this 
analysis has to be seen now 
5 Rainfall t tt the Lower Indus Basin 

Sind is called an " Unhappy Valley “, perhaps on account of its scanty 
rainfall “The Hindus of Sind,” sa>s R F Burton, “have a tradition that 
Hiranyakasipti, the demon king of Multan, was powerful enough to draw 
down Megha Raja, the cloud god from heaven and compel him to promise 
never to visit the valley of the Tndus " 

The orographic features of Sind lend support to such a belief The 
average height of the surrounding hill ranges is only about 5,000 ft . while 
the Laki Hill lying in Kohistan just reaches a little above 2,000 ft To 
catch the monsoon current a high mountain within the region is required 
Again the alignment of the two ranges of mountains bordering the frontier 
of Sind, is not straight There is a marked re-entrant angle in the north¬ 
west, which is ver> low Any clouds that are caught by storms are again 
lost in them Particularly in the case of Sind in winter, “the seat of 
maximum pressure is not the seat of maximum rainfall, nor indeed is the 
case of the great summer depression of Upper Sind and Lower Punjab of 
any precipitation whatever ” 14 

But though the rainfall is meagre, it is a useful supplement to under¬ 
ground supply of water in many parte of Sind 
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Annual Rainfall —Being a portion of the dry monsoon belt, this region 
receives very httle rainfall, it has very few rainy days, during the year, 
year after year, the average rainfall at any station, not amounting to 
10 inches, as the following table shows — 


Rainfall Year by Year. 
Average of 30 years (1901-1930) 
(India Weather Reviews) 


Year 

Karachi 

(Inches) 

Rainy 

Days 

Hyderabad 

(Inches) 

Rainy 

Days 

Jacobabad 

(Inches) 

1901 

1-37 


1 -96 


2-68 

1902 

18-23 


15-93 


2-10 

1903 

4 58 


5 72 


3-22 

1904 

4 02 


1-44 


2-68 

1905 

3 04 


2 02 


2-21 

1900 

0-47 


7 45 


5-57 

1907 

7 75 


6-00 


4-44 

1908 

0-45 


19 93 


4-59 

1909 

7 09 


7-03 


1-41 

1910 1 

12-63 I 


10 19 


3-84 

1911 ] 

4-84 


3 79 


1-36 

1912 

3 17 


5-39 


1 41 

1913 

13-45 


21 -13 


4-86 

1914 

9-31 


4 09 


6-78 

1915 

2-26 


1-01 


1 34 

1916 

21-87 


14 01 


3-80 

1917 

5-63 


9 81 


10-88 

1918 

A- 

2-04 


1-74 


1-30 
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Rainfall Year by Year —(Contd ) 


Year 

Karachi 

(Inches) 

Rainy 

Days 

Hyderabad 

(Inches) 

Rainy 

Hays 

Jacobabad 

(Inches) 

Rainy 

Days 

ml!*' 

3-39 


7 76 


3-23 


1920 

1-97 


1-70 


2 26 


1921 

16 90 


13-78 


3 58 


1922 

1 99 


2 60 


0 13 


1923 

5 57 


5 21 


4-73 


1924 

3 69 

9 

12 07 

10 

2 11 

D 

1925 

4 -38 

7 

1-02 

2 

4 54 

10 

1926 

20-04 

11 

12 11 

13 

4 28 

10 

1927 

8 90 

10 

13 55 

12 

0 67 

3 

1928 

2 39 

5 

2-14 

5 

0 90 

3 

1929 

4 13 

8 

23 13 

14 

6 55 

12 

1930 

16 70 

12 

2 77 

6 

5 67 

4 

Average .. 

7 51 

9 

7 92 

9 

3-44 

7 


A special feature of the rainfall curves in Sind is that there are 
peaks of good rains and troughs of droughts at an interval of 5-6 years 
(See Plate III ) It is remarkable that while there are a number of years of great 
scarcity of rainfall, there are years, of abnormal rains and floods Also, these 
do not always coincide in all the three climatic divisions, e g , while 1926 was 
a flood year for Karachi, there was only 4 -28 inches of rainfall at Jacobabad 
In 1929, Hyderabad received 23-13 inches but Karachi only 4 13 inches 
Nearer the coast, rainfall is greater than in Upper Sind, where the average 
is only 3-44 inches 

Distribution of Rainfall—In the matter of distribution of rainfall in 
Sind, Nagar Tarkar stands by itself Not only does it receive the advantage 
Of its height but it touches, to some extent, the fringe of the S W monsoon 
current. Middle Sind receives slightly more rain than Lower Sind in some 
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years while there is hardly any ram (less than 2 inches) In parts ol Upper 
Sind Even in years o! great floods there is not more than 10-12 inches 
of rainfall in this the driest part of the Province 


Mean A nnual Rainfall 
(India Weather Reviews ) 


Place 

Mean 

Annual 

Rainfall 

Rainy 

Days 


Nagar Parkar 

14 -86 

17 

Ijower 

Tatta 

8 83 

8 

Sind 

Karachi 

7 51 



Umerkol 

8 96 

12 


Hyderabad 

7 92 

0 

Middle 

Mirpurkhaa* 

9-65 

9 

Sind 

Nawabshah* 

6 05 

7 


Naoshero 

» 26 

6 


ISelivan 

5-41 

8 


f Sukknr* 

2 74 

5 

Upper 

| Shlkarpnr 

3 -39 

6 

Sind 

1 Larkana* 

3 55 

5 


L Jacobabad 

3-44 

7 


Stations marked ♦ have the averages taken for 17 years (1914-1930) The rest have 
those for 30 years (1901-1930). 

At Sukkur the average rainfall is the least,« e , less than 3 inches, while 
at Nagar Parkar it is the heaviest,» e , nearly 15 inches At the intermediate 
stations it varies from about 5 inches to 10 inches. Also the average rain 
per day is a little less than 1 inch, the total number of rainy days amounting 
to 7 only (See Plate III) 

Mean Monthly Rainfall —Though there are two distinct seasons of rain¬ 
fall, vtt , summer and winter, the following table shows that, on the whole, 
it is not only precarious and fitful, in both of them, but also scattered thinly 
throughout the year. The amount is, however, more in summer than in 
winter The actual monsoon period during the year is from 9th July (com¬ 
mencement) and 23rd July (withdrawal) (See Plate IV.) 



Mean Monthly Rainfall 
Mage of 30 years (1001-1930) 
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Rainfall ip Kohistan and the Desert Province—In the matter of the 
distribution of rainfall in Sind the data for Kohistan are very important, 
as they give an indication of the periodic supply of rain water in the Malir 
Basin, which is the main source of Karachi’s water supply Here too the peaks 
of good rainfall alternate with the years of drought At Khadeji the 
record i9 as follows — 


Tear 


Khadeji 
B O. No. 2 
Inches 


1914 

8 02 

1915 

3-53 

1916 

15-60 

1917 

11-48 

1918 

0 62 

191P 

10-05 

1S20 

1-83 

1921 

12-17 

1922 

3 86 

1923 

6 61 

1924 

5 32 

1925 

0-76 

1920 

7 75 

1927 

8-19 

J928 

2 94 

1929 

0-37 

1930 

8-25 

1931 

1-24 

1932 

10-86 

1933 

15-70 

1934 

6-22 

1935 

4-40 

Average 

6-89 


(Data supplied by the Office of the Karachi Municipality ) 

Thus, though the rainfall in Kohistan is usually scanty, there are years 
in which it increases to over 15 inches, eg , in 1916 and 1933 It is even 
more at Khadeji than at Karachi in some years There is, therefore, plenty 
of underground water secured by percolation and absorption in the deeper 
strata of rock in the dry river basin. (See Appendix III) 

Even in the region called the Thar Desert, there are good, though 
occasional showers and years of floods. The following is the average rainfall 
in the different Talukas of Thar Parkar.— 
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Ui-K'r ll—wl »*. I khipro ] 

Samaro | 

hanghv 

Umcrkot 

28 j«m)_ | 1 1. 1 1 



- - — 

1(110-1935 j « « | 9-02 | 9-50 | 9-10 j 1 99 | 

| 13 S j 

6 CO 

9 39 


{Data from PWD , Sind) 


A poition of this rainfall is due to the winter showers, which account 
for water existing in the number of Dhands or lakes in the Thar and the 
Pat Sections and affording camel pasture in the cool season 

Reasons for Scarcity of Rainfall —Apart from the fact that Sind usually 
escapes the influence of both the monsoons, there are other reasons of such 
scarcity or irregularity of rainfall *' 

(1) In the first place, the arrival of the S W monsoon is rather late in 
Sind and the season is short It does not burst here m May-June, when 
the land is the hottest (mean maximum temperature at Jacobabad being 
113-7° F), but in July when the temperature is lower (mean maximum 
temperature being 108 5° F), and the chief pressure gradient is over the 
Peninsular and the Bay of Bengal The reason is that the upper air current 
over N W India, flowing from the west and north-west during the season 
is warm and dry with low humidity aud this descends a couple of thousand 
feet against the S W monsoon current 

(2) The northern parts of India get very cold in winter, the Himalayan 
snows melt slowly in early summer and so the high pressure over the area 
takes much time to turn into a low pressure system, so essential for the necessary 
indraught Hence the delay in the actual arrival of the ramy season in the 
Indus valley and the reduction m the number of r.uny clay s Also, the more 
the snowfall m one winter season on the mountains, the poorer the prospects 
of rains in the plains in the following summer 

(3) As the monsoon season advances, and the lowest pressure is well 
within the angle between the Kirthar and the Himalayan Mountains, the 
air can only flow in here from the south and east and so only a portion of the 
monsoon current containing a little moisture can pass over the Province 

(4) The land being exceptionally and increasingly hot from south to 
north, e g , mean T 85° F at Karachi to 95° F at Jacobabad, the humidity is 
relatively reduced, from 80% to 50% only. The high temperature is 
also further increased on account of the dry hot land and the absence 
of low clouds, 

(5) The air current over the N W. must nse some 3,000 ft above 
the sea-level before any appreciable precipitation can take place. Such Is 
not the case in Sind, and the upper layers, being warm and dry, do not 



46 


Maneck B. Pithawalla 


allow formation of low clouds over the land While in North India and in 
the Ganges basin rainfall increases as we approach high mountains, in the 
Indus basin the reverse is the case, precipitation decreasing considerably on 
the western highlands 

Variability of Rainfall —Not only is the rainfall in Sind scarce but it 
is also irregular, so that for every one season of good rains, there are two 
or three or even more of drought At times, again a whole season’s ram falls 
within a couple of days and there is prolonged scarcity for the rest of the 
vear The result is terrific Hoods and destruction of crops at one time and 
severe drought at another "Over the Indo-Gangetic Plain, variability* is at 
a maximum in Central Sind, which is at once the seat of the most niggardly 
and also the most variable rainfall in the whole of India The noticeable 
improvement in reliabibty is of little, if anv, economical significance, for 
throughout Sind, Bhnwalpur and Western Rajputana u variability of over 
30 |x?r cent combines with an average rainfall, which is nowhere greater than 
16 inches and for the most part is considerably less ”** 

In Sind and Cutch the annual jiercentage deviation from the average 
is i 37 (mean) + 124° (max ) - 53” (mm ), the most unique in the whole of 
India 

ollowing table of comparative variability is xigmfica 


Station | 

Average 

Annual 

Rainfall 

Variability 

Navskcio (Sind) 

5' 

53% 

Cawnporo (UP) 

34' 

20 % 

Calcutta (Bengali 

65' 

u% 

Rohn (Sind) 

6' 

65% 

Sirea (Punjab) 

12' 

46% 

Lucknow (UP) 

35' 

28% 

Darbhunga (Bengal) 

44' 

20% 

Bansal (Bengal) .. 

62' 



* Variability of rainfall la the degree In which the rainfall of any given year la likely to 
deviate from the local average either in cacea* or defect (Blanford). 
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This shows that while the normal yearly rainfall increases from a minimum 
in Sind to a maximum in BengU, the variability is the reverse " The 
province In which the annual variations us compared with the general average 
are greatest is Sind and Cutcli ” 17 

In this region, again, there is variability of summer rainfall of 40 per 
cent to 60 percent from the desert in the east to the highlands m the west 
[See Plate 1(4) ] 

Even during the different months of the monsoon season, the varia¬ 
bility is different in different regions of the Jndo-Gangetic Plain, the worst 
sufferer being Sind — 

Region Region 

III B IV 

60-75 45-60 

40-50 30-40 

10-50 35-50 

60-75 15-60 

>100 >75 

Thus the rainfall in the Lower Indus basin is not onlv scanty but also 
irregular and unreliable; so one cannot speak of normal rainfall figures for 
any station in Sind. "Within the Middle and I,ower Indus lowlands, the so- 
called normal rainfall figures are anything but indicative of conditions from 
year to year 

In the case of Karachi over a period of a third of a century, the normal 
rainfall was 6 3 inches though half the season’s precipitation was no more 
than 4 -3 inches In three seasons, the rainfall amounted to a little over 


Month 

Region 

I 

Region 

II 

1 

Region 

III A 

Juno 

> 70 

65-75 

60-75 

July 

> 60 

45-75 

10-50 

August 

> 70 

40-70 

40-60 

.September 

> 90 

>80 

<>0—75 

October 

>100 

>100 

>100 


V Cyclical Period 

This leads us to the consideration of a cyclical period in Smd There 
is no doubt that the floods come periodically but to establish a cycle of a 
certain number o/years is a most difficult meteorological problem here Blanford 
established a cycle of II years from certain meteorological calculations which, 
however, do not tally with the data collected in this region in recent years 
He marked the relationship between weather and sunspots, the maximum 
of which occurred at intervals of 11 years " But the actual amount of sur¬ 
face covered at each maximum is very irregular 
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Another argument advanced in favour of a cycle of 11 years is that it 
tallies with the main daily range of magnetic declination, according to Prof. 
Balfour Stuart But in this case also we have to deal with very irregular 
curves It may be that there are other unknown influences working out 
a cyclical period The temperature and rainfall in a particular area are 
caused by storms and depressions, which cannot be accurately gauged or 
forecast at present But it can be said with a certain amount of accuracy 
that any alteration in the solar heat may modify the formation of cyclones 
and so a cyclical period 

There is, again, the possibility of connecting years of drought with the 
years of heavy snow-fall on the Himalayas, as too much snow may cause 
prolonged suspension of summer rainfall Droughts may also be due to 
unseasonable persistence of dry land winds Another strange coincidence 
is that a drought in the Peninsula is followed by one in North India, eg , 
1876 Deccan drought, 1877 Punjab drought 

So far as the region of our study is concerned, a cycle of 11 years is quite 
out of the question In verv recent years a cycle of 6-7 years is noticeable, 
viz , 1902, 1908, 1910, 1913, 1921, 1926, 1932 (See Plates III & IV) 

VI Climatic Change 

Is, then, the climate of Sind also changing ? There are several records 
to show that Sind experienced a better and more congenial climate in pre¬ 
historic days " It is related by the chronicles of antiquity that in days gone by, 
in ages that have long fled, Sind was a lovely land, situated in a delightful 
climate, a fertile plain, traversed by the beneficent Mihran with large flourish¬ 
ing and populous cities, orchards producing every kind of tree and fruit, 
and gardens that were the reflections of Iran and the envy of the seven 
Heavens 

The remains of Mohen-jo-Daro and of other kindred sites in Sind distinctly 
indicate a wetter Sind in the pre-Aryan period 

The admirable researches of Sir Aurel Stein*® in Baluchistan and Waziris- 
tan show that the climate of Central Asia must have been in the past more 
favourable, especially in Gedrosia where there were impenetrable forests u 

Again, a favourable climate is an essential condition of high civilisa¬ 
tion This has led Sir John Marshall" to believe that in the chakolithic 
age of Mohen-jo-Daro the rainfall in Sind must have been 16-20 inches 
average annually. He thinks that the northern storm belt was then deflected 
by arctic pressure further south At the same time a deflection of the S W 
monsoon current is also suggested On the whole, all the dry Afrasian belt 
was covered by westerly rain storms in that age 
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Dr. C W Ncirinand, Director of the Meteorological Department of India, 
has opined that more rain m the summer season was possible m Sind and 
Baluchistan at the time of the Indus Valley Civilisation, “ as a very much 
greater change in meteorological conditions is required to explain a copious 
rainfall in winter, unless a change m the orography of Sind’s surroundings 
in simultaneously postulated ” M 

Mr Majumdar is also of opinion that from the presence of many drains 
and pipes and burnt bricks of Mohen-jo-Paro, figures on seals of animals 
living in moist climate such as rhinoceros, tigers and elephants and of trees 
on painted potteiy, it cun be surmised that Smd must have seen wetter years 
m the millenniums before Christ M Remains of elephants and rhinoceros 
are actually found on the eastern side of the Kirthar Range 

Burnt bricks aud not baked ones were used m Sind in those prehistoric 
times Even in the remains of Bahamanabad discovered by Bellusis, such 
burnt bricks were used suggesting greater rainfall *' 

Raverty has noticed m Arabic geographers a reference to the green 
{.Hart ana ) and cultivable lands now King baircn *« A big forest between 
Dakin and Khanpur in Darkana District was actually utilised by the Daud- 
potras for their Slukargahs 

That the climate of Sind has become gradually drier to-day than at the 
time of Mohen-jo-Daro is also attested by Dr Mac kay from the rapid deterio¬ 
ration of bricks, which is now taking place and those beautifully preserved 
in the buried city " This state ot things was due to the fact, that the plain 
round the city was then well watered and consequently the destroying 
action of the salt was checked, although as we know the buildings needed 
frequent repairs 

In this matter of climatic change, the climatic tables, of two sets of 
normals for the three stations Karachi, Hyderabad and Jacobabad, covering 
two long distinct periods, are also suggestive (Sac Appendix II) 

Whatever the meteorological conditions of Sind mav have been in the 
past ages, the rainfall recorded for the past five years does not give any indica¬ 
tion of a change of climate The year 1033 was only a flood year for Karachi 
while in 1935 and 1936 the rainfall at the station was decidedly poor, while 
Hyderabad has fallen below the average 

There is a suggestion made by some writers that the Sukkur Barrage 
which is fully functioning since 1932, would help Sind to secure more rains 
But such an expectation is too premature Considerable data" must be collected 
and more time must elapse before the meteorologists of Smd can come to 
any definite conclusion It is not impossible tliat more extensive water 
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Latest Rainfall Statistics 
India Weather Renews (1929 


Year j 

Karachi j 

Hyderabad 

Jacobabad 

9.U 

0 73 j 

2 01 

Iril 

932 

12 78 

4 31 

5 24 

933 

30 11 

8 00 

6-71 

931 

8 07 

8 35 

5 97 

935 

4 51 

1 29 

5 30 

93(. 

3 73 

1 24 

3 01 

****** 

8 32 

5 13 

4 49 


supply, perennial irrigation, afforestation and continuous evajmration may 
cause slightly greater precipitation of rainfall m Smd in the years to come 
Says Blauford " Of the lnllucuce of local evaporation in enhancing rainfall, 
one or two instances are given especially that of Yarkand and that of the 
irrigated tract bordering the Indus til Sind and the lower Punjab ” 

Summary 

In no other region in India arc the climatic conditions more unique, 
irregular and unstable than in the Lower Indus basin It is the driest and 
hottest of all Indian provinces, aridity being its commonest feature, eg, 
Jncobabiul has a mean maximum temperature of 113° F and mean humidity of 
41 percent The thermal equator passes through Sind These conditions are 
accentuated by its physical features, the Thar Insert m the east, the sea 
in the south and the Hnla-Suleman (Kirthar) Mountains with their peculiar 
re-entrant angle, in the west and northwest Thus the temperatures are 
exceptionally high in summer but m winter they arc comparatively low 
The diurnal range of temp.rature is also great {eg , over 45° F in a single 
day at Jacobabad) Nearest the sea coast, the daily range of temperature 
is less The monthly range increases from south to north and from summer 
to winter (e g , Jacobabad has a summer range of temperature 42° F and 
winter range 50° F) The greatest humidity occurs in August, wi, 75, but 
the least in December, viz , 58 in Lower Sind and 47 in April in Upper Smd 
Thus the weather is drier and hotter but more bearable in the north than 
m the south The skies are generally clear and frost is not uncommon. 
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While m Upper Sind it is generally calm for nearly half the year, nearer 
the coast of Sind, the wind velocity is about 15 miles per hour in the monsoon 
season Dust storms and squally weather are common m the beginning of 
the two chief seasons The predominant wind direction at Karachi is westerly 
before the monsoon season begins, but m winter the direction is north-east 
or north-west In Upper Sind, however, it varies from south-east to north¬ 
east in summer and from north-east to north-west m winter 

In the matter of rainfall, the region suffers the most It is not only 
precarious and scanty but also the most variable in India, the orography 
of Sind being mainly responsible for it What little precipitation it gets 
is often due to cyclonic storms, caused bv eastern and western disturbances, 
particularly the former The average rainfall is about 7 inches m Dower Sind 
and about 3 inches in Upper Sind, with only about 8 rainy days in the whole 
year, July being the rainiest month The greatest peculiarity about the 
rainfall curve is that after gaps of six or seven years of scarcity, there are 
peaks of good and at times heavy rainfall, though the cyclical period is hard 
to determine It is a question whether theTe is any real progressive climatic 
change in Sind, as the history of the Province shows that there might have 
been greater rainfall m the past when forests existed It is equally difficult 
to say whether the Sukkur Barrage drainage system would influence future 
rainfall Even with perennial irrigation, afforestation and continuous 
evaporation it w not certain whether Sind would see wetter da vs 

The paper is a continuation of the Geographical Analysis of the Lower 
Indus Basin (Sind), already published in the Proceedings • It is illustrated 
with necessary graphs, sketch maps, etc 

Reliable climatic data for many stations in Sind are hard to obtain 
For the present Paper they have been collected from the Gazetteer of the Pio- 
vmce of Sind, and from the publications of the India Meteorological Depart¬ 
ment, e g . India Weather Reviews, access to which was kindlv allowed 
by the Meteorological Office, Karachi. also from the records of the Develop¬ 
ment and Research Department, P W I), vSind. and the Office of the Karachi 
Municipality, by the courtesy of the chief executive officers 

My thanks are due to Professors E G R Taylor, Dr H A Matthews, 
both of the University of London and to Professor D N Wadia, of the Geo¬ 
logical Survey of India, for their guidance and helpful suggestions 

* Proc. Ind Acad Set, B, 1936, 4, No 4, 283-355. 
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APPENDIX i 

General Weather Conditiont m imrt Month by Month 
January 

Coldest month ol tlte year 

Western disturbances affect the region 

Cold waves, rain, M|Ually and northerly wind expected 

Dust storms and frost also are likely 

Mean temperature—Max 74 8* F , Mm 50-4* F 

Mean rainfall- 12 inches 

Mean Baro pressure— 30 00S 

Mean humidity—60% 

Genera) wind direction- NE, NW 
February 

Meteorological conditions similar to those in January 

More windy month—Chilly weather 

More westerly depressions -Ram expected 

Mean temperature—Max 78*8* F , Mm S4 2*F 

Mean rainfall—-21 inches 

Mean Haro pressure—29 950 

Mean humidity—59% 

General wind direction, NE, NW 
March 

Dry weather, clear or partially clouded skies 

Rattier dusty month 

Early mornings foggy near the coast 

Western disturbances still occur with scattered showers 

Mean temperature—Max 88-7'F , Min 63 7° F 

Mean rainfall—-18 inches 

Mean Baro pressure—29 835 

Mean humidity- -56% 

General wind direction—N W 

Winter conditions disappear and stnnmer conditions appear 
S W wind begins to blow across the region 
Dust storms at times, practically no rainfall 
Mean tempi rature—Max 96*6'F , Mm. 72-1“ F. 

Mean rainfall— 7 inches 
Mean Baro pressure—29*712 
Mean humidity—56% 

General wind direction—S E 

May 

Arabian Sea storms begin to affect Sind 
(Tropical Sea storms of the Arabian Sea enter Sind Coast, 
12 months) 

Practically dry weather Cloudiness increases 
Moderate to strong surface winds from SW 
Dust storms expected 

Mean temperature—Max 102 8*F , Mm 78*3° F. 

Mean ramfall—*15 inches. 

Mean Baro pressure-29 *590. 

Mean humidity—60% 

General wind direction—SE 4 SW 
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Hottest month of the year 

Wind current stronger than in May 

Rough seas and swells 

Coasting steamers stop sailing 

Mean temperature— Max 103 3° F , Min 83 

Mean rainfall- 33 inches 

Mean Raru pressure—20 420 

Mean humidity—03% 

General wind direction—S W St S E 

July 

Rainiest month of the year 
Monsoon current reaches the interior 


Humidity is expected 
Western depression oi 




Wind current strong 

Mean temperature Max 00 2 " K , Min 82 
Mean rainfall—2 58 mclies 
Mean Barn pressure—29 301 
Mean humidity - 72% 

General wind dircct.on S W. SK 


P 



August 

Milder weather prevails 

More cloudy and less rainy month 

Visibility is improved Wind direction still, S W 

Eastern depressions sometimes occur 

Mean temperature -Max 05 3° F .Min 80 2“ K 

Mean rainfall—1 8<> inches 

Mean Haro pressure—29 473 

Mean humidity—75% 

General wind direction - S W S E 
September 

Receding monsoon 

Dust storms and squalls arc fewer 
Wind velocity gets reduced 

Mean temperature—Max 05*4* F., Min 74 4" F 


Mean Baro pressure 20 024 


General wind direction—S W S F. 

October 

Dry and dear month 

Only rare Arabian Sea depressions 

Practically no ram 

Temperature rises slightly at times 

Wind direction now alters 

Rea is smooth and coasting steamers begin to ply 
Mean temperature—Max 04 0" F , Min 70-0° F 


Mean Baro pressure—2*> 799 
Mean humidity—63% 

General wind direction—SW,, NK 
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November 

Wind direction change, from W-SW to OW, NE 
Pleasant month Without any showers of ram 
Western disturbance, on occasions bring drizzles rarely 
Mean temperature—Max 87-4“ F , Mm 59 ■ 7° F. 

Mean rainfall— 03 inches 
Mean Baro Pressure-29 937 
Mean humidity—57% 

General wind direction—N E . N W 
December 

Sciually weather expected 

We* ern disturbances com* in at times 

Pleasant month 

Wind directions changes to N and N E 
Winter showers expected 
Sea very smooth 

Mean temperature—Max 77 b'F , Mm 51 8“F. 

•Mean Baro pressure- 10 010 
Mean humidity—00% 

General wind directions -N W . N E 

V B The above summary of the weather conditions for the whole of Sind is based 
the climatic data for the three mam stations in Sind, utilised m the body of the papa 
Karachi, Hyderabad and Jacohabud 
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Appendix ITI 

Companion of Annual Rainfall at Karachi (A lanora) and tit Kohistan 
(See Plate V ) 


Karachi 

Tear and Kohistan 

Manora 



(Vala obtained from the (lazctlccr of the Province of Sind B Vol 
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EXPLANATION OF PI ATES. SKETCH-MAPS, GRAPHS, ETC 

I (<i) Sketch-maps ol Sitid showing — 

(1) Climatic divisions 

(2) July temperature (Mean) 

(3) Rainfall distribution 

(4) Surface winds 

(b) Skctcb-maps of India showing— 

(1) July rainfall (Blanford) 

(3) July temperature (Blanford) 

(3) Variability of summer rainfall (Clerk) 

(4) July wind and pressure (Blanford) 

(4) Stream lines during monsoon (Blanford) 

II Graphs showing- 

(1) Mean maximum temperature at Karachi Hyderabad and Jacobabad 

(2) Mean minimum tempiratuv at Karachi, Hyderabad and Jacobabad 

(3) Thermograms at Karachi 

(4) Annual rumtall at Karachi (Minora) and Miadcji md Growth of Popula¬ 

tion of Karachi 
III Graphs slmwing- 

(1) Fluctuations of rainfall at Hjderabad 

(2) Average annual rainfall at Karachi and other stations 

(1) Average monthly rainfall at Karachi and other stations 

(2) Mean monthly rainfall at Karachi, llvderaliad and Jacobabad 
V Graph showing annual rainfall at Karachi (Munora) and Kohistau 
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Introduction 

Thu Cretaceous age of the Bagh Beds was first recognised by Col Keatinge** 
in 1850 from the fossils he collected from the neighbourhood of Chiralchan 
(lat 'IV 'll' SO', long 75° 7' '10') Ot the fossils from these beds, only the 
echmoids and the ammonites have so far received proper attention. 
Duncan”** on the basis of lus study of,the echmoids from these beds consi¬ 
dered them to be of Cenomanian age This conclusion was accepted 
by W T Btaiiford, 7 R D Oldham 47 and D N Wadia 07 By others, 
however, these beds have been variously assigned an age from Albian to 
Senonian '.".“d*. 4 *.**.** 

While working on the eihinoids from the Bagh Beds collected by the 
late Prof K K Mathur and bv the present writer, a few new forms have 
been discovered These, along with such of the forms already known as 
required some additional remarks on the basis of the new collections, are 
described below 

Of the echmoids described by Pourtau* 4 the name Hem taster oldhami 
being pre-oecupiod for a Miestriehtian secies from Baluchistan described by 
Noetlmg, 44 the species is here renamed II fourtaui The other two spatangid 
species were assigned by lmurtau to the gtuus Opissaster, Pomel, because 
of their ambulacral petals sinuous and unequal at the poriferous zones ** 
This genus is, however, regarded by Duncan” and R T Jackson* 1 as an 
invalid one The genus was evidently established by Pomel 17 .**. 4 * to include 
Hemiaster species having Sc/nroster-like physiognomy but devoid of the 
lntero-sub-anal fascicle Pomel himself, later on included in this genus, 
species with two, three or four pores, high inter-ambulacral plates and 
petals flexuous or non-flexuous and excavated or not The confusion thus 
created led Lambert**-" to revise the genus as “ having two genital pores, 
flexuous ambulacral petals and ranging from Eocene to Recent" 

The Indian specimens under consideration certainly do not belong to 
Opissaster They have flexuous ambulacrals and an apical disc with four 
perforate genital plates, the madreporite on the right anterior genital plate 
60 
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extends centrally but does not separate the posterior genital plates They 
thus belong to the genus Uemiuster 

DestrtpUon of the Speat's 
Salenta malhurt* sp nov 
PI VI, Figs 3a-.V 

Dimensions — Diameter Height Height/Diameter 

II 0 turn G A lriui 6 18/10 

Description —Test is much depressed, ambitallv tumid, very feebly 
convex «upenorlv and rounded mferiorlv .Small pe ns tome is about J of 
the diameter of the test, branchial illusions are well marked Apical disc 
is large and polygonal bung ubout 66 l per cent of the* diameter of the test 
Periphery is raised with sutures of genital and ocular plate s stronglv mused 
Genital plates are as broad as high, well aiigulateil adnrallv, ornamented 
with radial grooves and ridges and unequally divided, with the outer part 
markedly smaller. Large elliptical genital pores are imperceptibly rimmed, 
adorally eccentric and placed in feeble depressions Madreporite is on the 
right anterior genital plate and roughly trapezoidal in shape running towards 
the suture with oculur III bur-anal plate is larger than the genital ones 
but similarly ornamented Ocular plates are radially grooved, twice as 
broad as high and feebly adorally convex, with adorally eecentnc ocular 
pores At the periphery, ouilar plates are broader than the genital ones. 
The oeular plate 1 is insert Periproel is broadly elliptical and deeply 
excavates the sur-anal plate, reaching the pores on the genital plates 1 and 2 

Ambulacral areas are wide and slightly flexuous Port-pairs are oblique 
with pores separated by granules Adapically pore-pairs are unisenal over 
three-fourths of the ambulacral length , from halfway between ambitus and 
peristome they become gradually biserial attaining distinct triserial disposi¬ 
tion on the first three udornl plates This transition is accompanied by an 
appreciable widening of the ambulatral area, swelling of the lntcr-jionferoiis 
tubercles aud widening of the miliary zone On approaching the peristome 
the inter-poriferous zone is narrowed slightly with correspondmg decrease in 
the size of the last three tubercles, while the tnsenal arrangement maintains 
the width of the ambulacral areas The inter-ponferous zone carries two 
rows of small tubercles and microscopic worts disposed zig-zag ui the middle 
area 

Inter-ambulacral areas are three times as wide as the ambulacral ones 
and carry two series of high plates, four or five per senes. The primary 

* Thit tpedet it named after the late Prof K K. Mathar 
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tubercles are crenulate, imperforate and matneloned , the serobieular rings 
are of the "Quadrate” type of Arnaud * The median zone with miliary 
granules is slightly narrower than the 1 uter-porifcrous zone Each plate in 
the mid-zone abuts against 8 to 10 ambulacral plates at the ad-ambulacral 
suture 

Companion —This species differs from the associated S kcattngei, 
hourtau“.H»» chiefly by its higher but discoid form. apical disc and peri¬ 
stome smaller , lower and wcll-angulated genital plates, and conspicuously 
sudden increase m the width of ambulacral areas and miliary zone, and by 
the size of the inter-poriferous tubercles 

5 prestensis, Desor , *- l *.“. s W 4 M*,« from Aptian of Algeria and Western 
Europe and S scutugera, Gray 15 - 4 * from Cenomanian of 

Charente, Tunis and Algeria differ from the present species by their relative 
dimensions and nature of the corona and apical disc 

S cyUndnca, Arnaud" from France differs from the species described 
here by its taller test, wider peristome and a smaller apical disc , otherwise 
these two forms are very closely similar 

5 mamillata, Cotteau 1 *- 14 from the Aptian of Aul>e has its apical disc 
sculptured very similar to that of S mathurt, but differs in relative dimen¬ 
sions and nature of the inter-umbulacral plates 

S maxima, Arnaud* 14 from Senoman of Charentc has its apical disc 
and ambulacral areas very similar to those of the present species , but they 
can be distinguished one from the other by their relative proportions, lower 
inter-ambulacral plates and wider lntci-ambulacral areas 

N.B —All the type specimen! are preserved in the Department of Geology, Benares 
Hindu University 

Diplopodia (Tetragramma) a(f mtcropyga, Fourtau 
PI VI, Figs l«~lft 

Dimensions —- Diameter Height Height/Diametcr 

27 2 mm 10 0 mm 3 7/10 

Description —Test is discoid with small peristome in a conspicuous 
depression Apical disc is not preserved but will be about one-thirds of the 
diameter of the test 

Ambulacral areas are narrow with poriferous zones slightly flexuous , 
pans of rounded pores are oblique m arcs of four, being umsenal at the 
ambitus and diplopodous at half the distance from the peristome and the 
apical disc towards the ambitus Plates consist of three primaries and one 
adorol demi-plate, the primary next to the demi-plate being the largest. 
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Two series of 16 or 17 primary perforate crenulate, serobiculed tubercles 
cover the mter-ixiriferous zone, miliary granules being absent 

Wide inter-ambulacra! areas carry six senes of primary perforate crenu- 
latc tubercles with scrobicular rings Disorderly granules in the median 
sutural area die out dorsally above the ambitus The tubercles are almost 
equal to those of the inter-ponferous zones Only the middle two series 
with 16 or 16 tubercles reach the apical disc, the lateral series living out 
successively above the mid-zone Internal ranges of tubercles show that 
this specimen belongs to Lambert’s group of 1 etragramma zumoffent. 
Cotteau M .**<* 7 

Comparison —T almerai (Lambert)* 4 -*’ from Aptian of Barcelona differs 
from the present species by its more depressed, polygonal test and weaker 
doubling of the pore-pairs 

Pseudoduidema missyi (Cotteau)" from Cenomanian of *Sartlic has its 
test higher, primary tubercles more differentiated and ainbulacral areas 
widei 

A verv close affinity is found between the [iresent specimen and 
D micro-pvga, Fonrtau* 0 from the lower Cenomanian of Egypt , the bad 
preservation of the specimen described hero however leaves their identity 
in doubt 

Echmubnsstis cf angtUier, Gauthier 

pesenphon —The specimens available for study art not well preserved 
The test is longer than broad, antuiorly tumid and feeblv tapering, and more 
rounded than truncated behind Periproctal groove reaches upto half the 
distance between the apex and the slightly indented posterior border 
Summit of the test coincides with the apical disc at three-fifths length from 
the front Peristome is in a depression at two-fifths length from the front 
Ambiluerals are lanceolate with conjugate, elongate pores and the inter- 
ponferous zones are narrower than the poriferous ones 

Comparison— These specimens offer the closest resemblance to the 
variety, E angutier, Gauthier" from upper Cenomanian of Algeria 
Echinobnssus sp mdet 

These specimens are also poorly preserved They differ from those 
described above by their having a test almost squansh m outline with a very 
obtusely rounded anterior border Distally the ambulacrals are slightly 
deflected outward 

These specimens resemble more closely to the variety of E angutier, 
Gauthier" from the Albian and middle Cenomanian of Algeria 
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It is significant that these two echinobrissi should occur m the Bagh 
Beds at the same horizon, their Algerian allies being found in successive 
horizons, to, m Albian to middle Cenomanian and upper Cenomanian 
Though with better material to work upon, these two forms may have to 
be merged into one species, in their present state of preservation they are 
best described separately 

Hemtaster four taut,] nom nov 

1887 Hemtaster cenomanettsts, Duncan non Cotteau— Rec G S I , 
20, p 91 

1918 Hemtaster oldhamt, Fourtau non Noetling— Rec G S 1 ,49, p 46, 
pi 2, figs 2-3 

This species is recorded here under a new name, its old name being 
pre-oecupied for a Mte-trichtian species from Baluchistan " It differs from 
the Baluchistan species mainly by its test being widest behind the middle, 
narrower and strongly excavated anteriorly, superior face sloping more 
gradually to the front than behind, apical disc more eccentric behind , 
paired petals less divergent and penjietalous fascicle more regular 

Hemtaster holo-ambitatus, sp nov 
PI VI, Pigs 4<*-4e. 

1887 Hemtaster stmtlts, Duncan non d'Orbigny net Cotteau nec Oldham 
— Rec G S 1, 20, p 92 

1918 Optssaster sp tndet — Rec G S 1, 49, p 51, pi 2, fig 4 

Test is oval, almost vertically truncated behind and rounded in front 
Apical disc is at one-thirds length from behind, rather compact with four 
perforate genital plates, the madreponte on the right anterior genital plate 
extending centrally but not separating the posterior genital plates 

Odd ambulacre is m shallow, narrow sulcus which stops well above the 
ambitus Rounded pores arc separated by granules , the flexuous paired 
petals are in shallow grooves, with pores arranged in " Chevrons ” Poste¬ 
rior petals are about three-fifths of the anterior ones The biggest of the 
specimens has 16 pore-pairs in the posterior petals and 28 in the anterior 
ones 

Penproct is towards the top of the posterior face Peristome is at 
one-thirds length from the front Peripetalous fosciole crosses the odd 
ambulacre well above the ambitus 

t This specie* is named after R. Fourtau who had previously described this species 
under a different name. 
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This species combines the characters of Hemtaster sensu stricto and of 
Integraster, Lambert and Thicry 48 

Companion —Due to bad preservation of the specimens available for 
study, Fourtau had wrongly allied this species with H vtgnest, Cottcau 
from the east of Jordon 11 But it has much lower test, more developed 
ambulacrals and apical disc more eccentric behind 

The present species differs from H Stella (Morton) 1 -*- 1 *-*'-** 11 from upper 
Cretaceous of U S A by its test medianly widest and anteriorly more tumid , 
upper face sloping forward more gradually , anterior groove narrower and 
shorter, and petals more flexuous 

Narrower form, shallower grooves and flatter inferior face distinguish 
this species from H aslertas, Forbes 14 -*'-* 1 from the Albian of Fulkstone and 
Yonnc 

From H rutoti, Lambert* 1 from Senonian of Belgium, this sprats differs 
by its petals more flexuous, te't arabitally oval and interiorly more convex 

Hemtaster meslet, Peron and Gauthier 

1878 Hemtaster meslet, Peron and Gauthier— Ech foss Algeria, fasc 4, 
p 10, pi 2. figs 5 8 

1889 Hemtaster meslet, Peron and Gauthier —Fch Joss Tumstr, p 12 

1914 Hemtaster meslet, Peron and Gauthier— Cat Invert foss Egypt 
Pal Ser , No 2, p 81 

1932 Hemtaster meslet, Peron and Gauthier— Mem Soc Geo France, 
No 16, n s VII, fasc 4 , p. 12 

The specimens from Bagh Beds differ from the type of Peron and 
Gauthier from the Cenomanian of Algeria by their very slightly broader test 
and a little less conspicuous anterior indentation Such differences, how¬ 
ever, are not unexpected in species having such a wide geographical range 

Hemtaster cf thomasi, Peron and Gauthier 
PI VI, Fig 2 

Dimensions —Length 30-6 mm 22 *5 mm 20 0 mm 17 0 mm 

Breadth 80-6 „ 21-4 „ 21 0 „ 16 4 

Height . 19-8 » 14 0 „ 15 0 „ 11-0 „ 

Description —Test is trigonal, widest at oue-fourths length from the 
deeply indented front, rapidly narrowing behind, with supenor face more 
or less regularly raised 

B5 * 
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Pores in tbe odd ambulacre are oval, placed in " Chevrons" and 
separated by granules An internal row of scrobiculed tubercles rises up 
aloug the poriferous zones for half the length of the groove, above which 
they die out gradually Two rows of granules follow the horizontal sutures 
of the ambulacTal plates In the paired petals, the pore-pairs are oblique 
at the proximal ends, straight in the middle and in “ Chevrons" at the 
distal ends Dorsally to the pore-pair a line of granules passes along the 
horizontal sutures Posterior petals are three-fourths of the anterior ones 
The biggest specimen has 36 pore-pairs in the posterior petals and 41 in the 
anterior ones Inter-ponferous zones are narrower than the poriferous ones 

Periproct is towards tbc top of the posterior steeply truncated face 
Peristome is at one-fourths length from the front Peripetalous fasclole 
crosses the odd ambulacre just above the ambitus and shows no inflexions. 

Apical disc is sub-central, rather broad with four perforate genital 
plates Madreponte is on the right anterior genital plate and extends poste¬ 
riorly so as to separate the posterior genital plates Ocular III penetrates 
between the genital plates 2 and 3 

Comparison —This species has a very distinctive form and need be 
comi>ared only with H thomast, Peron and Gauthier 1 *. 8 * from the Senonian 
of Algeria The Algerian species, however, attains twice the size of the 
Indian form , its inferior face is more inflated, superior face more raised, 
test a little broader and the posterior petals a little longer. 

Discussion and Conclusions 

The accompanying table summarises the vertical distribution and the 
affinity-relations of the echinoids from the Bagh Beds with those from 
Europe, North Africa and Western Asia It will be seen that some of the 
species show close affinities with co-Cretaceous forms and appear to be 
ancestral to some meso-Cretaceous species PlacenUceras tntnlot, Vredenburg 
is closely related to P uhltgt, Cboffat and P saaiense, Peron and Thomas, 
The appearance of the genus Hemiaster tn the Albiau coupled with these 
relations of the echinoids and ammonites led Fourtau to regard upper 
Albiau (upper Gault of the British StratlgrapheTsl rather than lower 
Cenomanian as the more probable age for the Bagh Beds *“.** Such a view 
was not unjustified, considering that the material with which Fourtau had 
to deal consisted only of the few type specimens in the collection of the 
Geological Survey of India. 

With the extensive collection at the disposal of the present writer it 
has been possible to carry out a detailed study of these echinoids. Besides 
the eight species previously known to be represented in these beds, six aevr 
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and important forma are now added to the list, thus giving a basis much 
more definite, than was possible hitherto, for the correlation of these beds 
with those outside India 

Among such valuable forms is Dtplopodta cf tntcropyga, Fourtau show¬ 
ing lower Cenomanian affinities " The genus Dtplopodta, McCoy, not known 
to survive the Cenomanian (lower Chalk)* 1 - 4 ® fives Cenomanian as the upper 
age limit for the echmoid fauna of the Bagh Beds Four out of five species 
of Hemtaster recorded from these beds of the Narbada valley belong to the 
sub-genera Proraster, Mecaster and Into gras ter all of which make their first 
appearance tn the Cenomanian 4 ®, obviously, this gives the lower age limit 
for the beds under consideration 

Hemtaster fourtaut , nom nov , by far the commonest of the ethmoid 
species from these beds, has its nearest ally H luynest, Cotteau in the 
Cenomanian of Palestine II meslet, Peron and Gauthier, though not very 
abundantly represented m the Bagh Beds, occurs in the Cenomanian of 
Algeria, Tunis and Egypt H sub-sttntlts (Foiutau)”-" and H. cf 

thomast, Peron and Gauthier'*-" have their near relations in the Senonian 
of Persia and Algeria respectively 

Vredenburg** regarded lus Placcniucras mmtot as being very closely 
related to P tamuheum, Stolicrka from the Tnchmop«l> stage (lower 
Senonian) of the South Indian Cretaceous It is also closed related to 
P uhltgt, Choffat” “ and P saadense, Peron and Thomas”- 4 * of which the 
latter is a Cenomanian form, the former ranging from Gault to lower 
Cenomanian 

Though the genus Hemtaster makes its apjiearance m the Albian, its 
species from the Bagh Beds, as is shown above, cannot certainly be dated 
older than the Cenomanian Thus taking into consideration the affinities 
of these echinoid species in general, the more appropriate age for the Bagh 
Beds, so far as the present study shows, will be lower Cenomanian rather 
than upper Albian 

P N Bose® was inclined to regard the different subdivisions of the Bagh 
Beds as representing distinct stages approximated equivalent to those of 
the Cretaceous Series of South India The vertical distiibution of the 
echinoid species as given in the accompanying table is, however, qmte 
contrary to this idea The different constituents of this senes of the 
Narbada valley must be considered, as Duncan has mentionedto belong 
to a single geological age, the differences being due more to variations in 
the lithological facies than to geological time. 



Table showing the Vertical Distribution and Affinity-Relations of the Echinnids from Bagh Beds 
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Fro 1 —Diplnpodia (Ttiragrantma) off mtcropyga, Fourtau, 

(а) Inferior view, natural sire, (f>) side view, natural size (BHU No E/4) 
Fro 2—Hemtas:er cl Ikomaii. Peron and Gauthier, upper view, natural size, 

(BJHU No E/12) 

Fic 3—Salerno maihurx, sp nov . (a) superior view natural size, (b) same 
approximately 3S times natural size, (c) side view, natural size, (d)sante 
approximately 3 5 times natural size (B H U No E/3) 

Fig 4 —Hemuultr holoambilatui, sp nov, (a) superior new, natural sire, 

(б) side view, natural size, (r) apical view, approximately 3 5 times natural 
size (BHU No E/10) 
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ON PROTOCYATHEA RAJMAHALENSE SP. NOV., 

A CVATHEACEOUS TREE-FERN, WITH NOTES ON 
THE GEOLOGICAL DISTRIBUTION OF THE 
CYATHEACEAE. 

By Kurien Jacob, B A , M Sc , 

Department of Botany, Unwtruty of Lucknow 
Received May 24, 1937 

(Commamcated by Prof fl. Sahni, sc.fc, ru) 

1 Introduction. 

The specimens described below were collected in December 1934 in the 
company of my fnend, Mr. R N Mehrotra, M Sc , from certain plant-beanng 
beds at Sakngaligha t, situated about one mile north of Sakrigali railway 
station in Behar (see map in Sahni and Rao 1 ) The collection from this 
locality was supplemented the following winter, when I had the privilege 
of accompanying Prof. Sahni to this particular locality A third visit was 
made in December 1938 The specimens described m the present communi¬ 
cation appeared to be of sufficient interest to deserve separate treatment 
The remaining specimens from Sakngalighat will be described in a subse¬ 
quent paper 

The plant-bearing beds are exposed about half-a-mile west of the ferry 
on the northern slope of a small hill abutting oil the Ganges Surface 
collections were made previously by others Mr W N Edwards was the 
first to locate the fossiliferous beds at Sakngalighat*, but as far as I know 
none of the plant remains previously desenbed from this locality were 
collected tn sttu 

The plant-bearing beds are in two main rones (PI VII, Figs 1-4) The 
lower zone (A), composed mainly of highly bnttle shales, immediately underlies 
the upper hard silicified shales (B) The lower zone (A), over which the 
river flows during the major part of the year, is further differentiated into 
several bands which are, however, not clearly seen in the accompanying 
photographs (PI VII, Figs 1-4) The upper zone (B), about six inches 
to one foot in thickness, can be traced almost horizontally along the base 
of the cliff 


> Salmi and Rao (1931), p. 184. 

• Sae Sahni and Rao (1931), p. 185, footnote. 
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Ttxr-Fis 1 —Protocyathea raimahaUnte ip nov Rough sketch of the type- 
specimen showing the arrangement of the leaf-cushions and scars co Natural 

sue. 

T«XT-FiO 2 —Protocyathea raimahalenst sp nov One of the leaf-scars show¬ 
ing the arrangement of leaf-traces X * 

The fossils described in the present communication were found in the 
upper band of hard silicified shales (B), the lower zone composed of brittle 
shales (A), though rich in other plant remains, has not so far yielded any 
fossils similar to those described below 

Cyatheaceous stems were hitherto described mainly from the Cretaceous 
rocks Quite recently two Upper Jurassic species from Korea were de¬ 
scribed by Ogura * The discovery of these fossils in the Rajmahal series, 
which is at present considered to be probably of Middle Jurassic age, 4 
takes us further back in the geological scale, assuming, of course, that the 
Sakrigali beds are not higher than the rest of the Rajmahal series A careful 
geological study of this and other plant-beanng localities in the Rajmahal 
Hills from the stratigraphical point of view should help to clear up much 
doubt regarding the exact horizons to which the various members of this 
classical flora belong 

2 Description 

Protocyathea h'eistmantel 1877 M 

The genus Protocyathea created by Feistmantel is a convenient 
designation for all tree ferns of Cyatheaceous affinity, that are preserved 
either in the form of casts or impressions, and whose real affinity to any 
particular living genus cannot be determined owing to the absence of preserved 
internal structures The vascular bundles within the leaf-scars are generally 
preserved as a number of warts arranged in the form of arcs There is little 
doubt that, as at present understood, this comprehensive genus is highly 
artificial 

The type specimen of the genus, now preserved in the Museum of the 
Geological Survey of India (Pi X), is a stem cast showing large spirally, 
arranged leaf-scars with traces of a few vascular bundles within them , it 
was collected by H F Blanford from rocks regarded as Cretaceous in the 
Tnchinopoly District of South India ’ 

» Ogura (1927), pp 352-364 , Ogura (1927), pp. 364-368 

* Sahni (1932), pp 14,15 

* The genu* Protocyathea Fat, and the family Protocyatheaceie created by Bower 
(1926, pp 282-292) to receive the two comparatively primitive genera l.ophosono and 
Melaxyo have no direct relationship whatever with each other. 

4 Feiatmantel (1877), p 136 

* See below page 82. 
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Protocyathea rajmahalense sp nov 
E 188 , E 189 ; E 190 (unfigured), E 191 * 

(Plate VIII, Figs 5-7 , Plate IX, Figs. 8-11, Test-Figs 1, 2) 

Type specimen . E 188 (Plate VIII, Fig 5; Test-Fig 1). 
Diagnosis Stem impressions with large spirally arranged leaf-cushtons 
or bases, each bearing at its upper end the rhomboid scar of a fallen leaf 
Cushions compactly arranged on the older parts of the stem, about 5-0 to 6-6 
cm by 1-1 to 2 cm, surface wrinkled Scars roughly rhoniboidal with their 
longer axes hortxonlal, about 0-9 to 1*0 cm. by 1*4 cm , vascular bundles 
Jew (about fourteen ?), in two curved rows, with two large median bundles at 
the top in the upper row (see Text-Fig. 2) In the younger parts of the stem the 
cushions are greatly reduced, the peholar scars of adjacent leaves being almost 
contiguous, vascular bundles not preserved 

Four specimens are known of which one (E 190) is in a very bad state 
of preservation and is not figured They represent impressions of the 
younger as well as the older regions of the stem In the latter, the surface 
of the stem is seen covered over bv spirally arranged persistent leaf-bases 
or cushions But due to incomplete preservation it is difficult to determine 
the phyllotaxy At the top of each leaf-cushion or leaf-base is seen the scar of 
a fallen leaf, with small marks, no doubt oi vascular bundles (PI VIII, Fig. 5; 
PI IX, Fig 11 , Text-Figs 1, 2). Below the scar the leaf-cushions exhibit 
a wrinkled appearance which is probably due to the scars of ramenta, though 
it may as well be due to a general shrinkage of the surface of the leaf-base. 
The leaf-cushions or bases are mostly elongated along the length of the stem 
(PI Villi Fig. 0, PI, IX, Fig. 8, Text-Fig 1). This is the condition seen in 
specimens which probably represent the older parts of the stem In other 
specimens the leaf-scars have their long axes horizontal (PI VIII, Fig 6; PI IX, 
Fig 8, top half), and the scars are densely crowded, apparently with hardly 
any trace of the leaf-cushions between them (PI VIII, Fig fl, 6) This condi¬ 
tion seems to represent the younger parts of the stem A similar compact 
arrangement of scars is seen in some of the living Cyatheaceae • In Fig 8, 
on PI. VIII, both these conditions are seen in one and the same specimen. 

The arrangement of the relatively few vascular bundles within the 
scar is not complicated, it seems, however, that they are not all of them 
preserved . hence a clear description of their arrangement is impossible 

The four specimen* are described separately below 

* Numben in this form indicate the ipeciroetu from Sakrifallghat (locality S, la 
Salmi and Rao, 1931). 

• Of ora (1927 a), Plgi 35-37, 70. 
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Tkxi-Fio i—Proioeyathea cyathecndts (Unger) One of ihe scars ihowing 
the arrangement of the leaf-trace bundle* (After Unger 1867, Taf I, Fig 3) 


TtXT-Fio. 4 — Proioeyathea tnchmopolientu Feistmantcl One of the scar* 
•hawing the arrangement of the leaf-trace bundle,. (After Fentraante], 1877, 
PI 1, Fig 1) 

Text-Fig S —Proioeyathea crctatca (Stem) One of the |eaf-»cari showing 
the arrangement of the leaf-trace bundle*. (After Hoiius und van der Marck, 
1880, Taf 43, F.g 86) 


Text-Fig 6 —Proioeyathea Toktmagal Ogur* One of the scars showing the 
arrangement of the leaf-trace bundles X 2 / 3 (Alter 1M1 ' Ttxt ' 

F.g, 1) 


Taxr-Fto 7 —Cyathocaulit naktongensis Ogura One of the scars showing 
the arrangement of the leaf-trace bundles X V® (After *- ) * ura ' 19 ^7> Text- 

Fig 1) 


Specimen 1 (Holotype) 

F. 188 (Plate VIII, Fig 5; Plate IX, Figs 9-11 , Text-Figs 1, 2) 

Tins specimen shows the older part of the stem, with thirteen persistent 
leaf-cushions spirally arranged (PI VIII, Fig 5, Text-Fig 1) Each cushion 
measures about 5 0 to 5 6 cm by 1 4 to 1 7 cm , and at the top of each can be 
seen the scar of a fallen leaf (PI IX, Fig 11) The leaf-scars measure about 
0 9 {o 1 0 cm by 1 4 cm, and show a few small marks of vascular bundles, 
which unfortunately are only partly preserved (Pi IX, Fig 11, Text-Fig. 2) 
The best preserved and completest scar is shown In PI IX, Fig 11 As far 
as can be made out, about fourteen separate and wart-like vascular bundles 
are seen more or less regularly arranged as follows about eight bundles 
are arrahged in an arc in the centre of the scar, and an upper row of three 
or four bundles runs close to the upper margin, the two median bundles 
in this upper row are larger than the rest (PI IX, Fig 11 , Text-Fig 2) , 
below, and on one side of the central row of eight bundles, is seen a group 
of three bundles which perhaps formed part of the lowermost arc of vascular 
traces that are only incompletely preserved on one side Impressions of 
certain elongated cells (sclerenchyma or ? tracheids) are preserved in certain 
parts of the stem (PI VIII, Fig 6, PI IX, Fig 10; A few marks of adventi¬ 
tious roots are also seen between the leaf-cushions, but the preservation 
is too poor to show the details 

Specimen 2. 

E 191 (Plate VIII, Figs 6, 7) 

In this specimen the leaf-scars are densely crowded, apparently with 
hardly any trace of the leaf-cushions between them (PI VIII, Fig, 6 b) bower 
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down, however, are seen one or two older scars with well-developed leal- 
cushions somewhat similar in shape to those seen in the previous specimen 
(PI. VIII, Fig 6 a) The " wrinkling ” on the surface of these leaf-cushions 
is also similar It is quite possible that the specimen belongs to a younger 
part of the stem, where the leaf-cushions have not yet develoi«d (cf Ogura, 
1927 a, Figs 36-37, 70) Vascular bundles are, however, not preserved 
A few impressions, probably of adventitious roots, are present 
One such root is seen clearly in the side view of the specimen in Plate VIII 
Fig. 7 r The deep groove (marked l in this figure) which originates from 
one of the smaller rhomboidal scaTS may be the impression of an attached 
leaf-stalk (PI VIII, Fig 7 l) 

Specimen 3 

K 189 (Plate IX, Fig 8) 

This specimen is interesting in that it shows a gradation between the 
upper closely appressed scars which hardly possess any trace of cushions, 
and the lower scars which display well-developed leaf-cushions between 
them (PI IX, Fig 8) As pointed out above, a similar differentiation in 
the arrangement of the leaf scars in the younger and older parts of the stem 
is often clearlv displayed in the living Cyatheaceae (c/ Ogura, 1927 a, Figs. 


36-37, 70) 

Specimen 4 
E 190 (Unfigured) 

A badly preserved curved stem which shows indistinct leaf-cushions. 

I have ventured to keep the above four specimens within the single 
species Protocyathea rajmahalense sp nov There can be very little doubt 
that Specimens 1 and 3 belong to the same species Specimen 2 at first 
sight appears to be somewhat different from the rest, because it shows leaf- 
scars which possess practically no trace of cushions But Specimen 3 dis¬ 
plays a gradual transition from the lower scars with well-developed leaf- 
cushions to the upper leaf-scars with hardly any cushions As a similar 
differentiation in the form of the leaf-scars of the younger and older parts 
of the stem w also seen in the living Cyatheaceae, I have little hesitation m 
considering the above specimens as belonging to the identical species. 


3 Discussion 


(«) Systematic position of the Rajmahal species. 

From the above description it seems fairly clear that our fossils belong 
most probably to tree-ferns of Cyatheaceous affinity The large size of the 
leaf-cushions, the gradation between the scars of the lower and higher regions, 
and the arrangement of the vascular bundles, all point out—as far as mere 
impressions of vegetative parts catf be a guide to affinity—that they are 
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probably related to the modern family Cyatheaeee The characters of 
the fossils agree most nearly with those of the genus Protocyathea Fst 

In his diagonals of Protocyathea Feistmantel 1 * mentioned the following 
characters as distinctive of the genus—" Ftltx arborescent, caute tereh ; 
ctcatricihus ramorwn (foltorvm) sfnraUter dtsposttts, nunc maxtmts nunc 
medtocrtbus, structura carum ctcairictbus Cyathsarum mventtum proxtma ” 
And our species can best be accommodated in Feistmantel’s genus, within 
which should also be included all stem impressions or casts of Cyatheaceous 
affinity which show separate vascular bundles m the leaf-scar 

As far as I have been able to judge from the published records, our 
fossils are not identical with any species of Protocyathea previously described 
They ate therefore referred to a new species Protocyathea rajmahalense 
(6) A revtew of the genus Protocyathea Fst 

A detailed comparison of the Rajmahal specimens with the described 
species of Protocyathea is best carried out after a general review of the genus 
Four species of Protocyathea have hitherto been described , and the different 
species are distinguished primarily by the number and arrangement of the 
vascular bundles within the leaf-scar, and to some extent by the shape of 
the leaf-cushions The chief characters of the four species are briefly dealt 
with below For a detailed study of the individual species, see also Table I 
Protocyathea cyatheoides (Unger) Feistmantel 
(Text-Fig. 3 , Table I) 

1867 Cauloptens cyatheoides Unger 11 
1877 Protocyathea Ungeri Feistmantel 11 
1900 Alsophtltna cyatheoides Potomd w 
1927 Protopteris cyatheoides Hirmer 14 
From the Lower Cretaceous (Neoconi ian) of Ischl in Austria The 
rWf characters of this species are Leaf-scars large and spirally disposed, 
tapering towards the ends, leaf-trace composed of 40 to 60 bundles, some¬ 
what irregularly arranged, as shown m Text-Fig 3 

Protocyathea cretacea (Steazel) Ogura 
(Text-Fig 5 , Table I) 

1880 Protoptens punctata Hosms und van der Marck 1 * 

(only figured, not described) 


*• Felitraantel (77), p 136. 

■' Unger (67), p. 643 , PI 1, Flga. 1-* i Renault (83), p 
»• Feut mantel (77), p. 136 , Poitbumw (31), p. J37. 
Potonli (00), p. 39. 

» Hirraer (27), p.641 _ 

14 Hoataa und van der Marck (80), PI. 43, Fig 186. 


72 , Stenael (97), p 
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1897 Caulopterts cretacea Stenzel u 
1927 Proloplms cretacea Htrmer 11 
1931 Protocyathea cretacea Ogura 1 ‘ 

From the Upper Cretaceous (Senoman) of Westphalia in Germany 
The thief characters of this species are -Leaf-scars somewhat small, spirally 
arranged , leaf-trace composed of about twenty-six separate bundles, regu¬ 
larly arranged, as shown in Text-Fig 5 

Protocyathea Tokunagat Ogura 
(Text-Fig 6 , Table I) 

1931 Protocyathea Tokunagat Ogura “ 

From the Upper Cretaceous (Senoman) of Japan The species is charac¬ 
terised by about thirteen vertical rows of spirally disposed large leaf-scars 
each of which shows about a hundred separate and regularly arranged 
bundles as shown in Text-Fig 6 The arrangement recalls Cyathocaulis 
naklongensts Ogura** (Text-Fig 7), a species which has been placed under a 
separate genus as the internal anatomy is known 

Protocyathea tnchmopoliensts Feistmantel 
(Plate X , Text-Fig * , Table I) 

1877 Protocyathea tnchtnopoliensts Feistmantel '* 

From the Upper Creataceous (Cenomanian) of Trichinopoly m South 
India Prof L Rama Rao of Bangalore in a letter to me expresses the 
opinion, (which I may be allowed to quote), that the fossil probablv " belongs 
to the Utatur group which forms the oldest sub-division of the Trichinopoly 
Cretaceous ” The lcaf-cushions are spirally disposed Feistmantel** de¬ 
scribes the formation of a convex disc in the upper portion of the scar This 
disc is not well seen m the original specimen which, thanks to the kindness 
of the Director of the Geological Survey of India, I have been able to examine 
in Calcutta Apparently the leaf-scar and leaf-cushion are not clearly 
differentiated Each scar shows about twenty separate bundles of which 
nine or ten are seen arranged in n lower arc , a few bundles at the top of the 
scar which are seen in the type specimen, however, are indistinctly drawn 
in Feistmantel’s figure, here reproduced as Text-Fig 4 , they are somewhat 

>• Stenzel (97), p.17. 

Hirmer (27), p 641 
*• Ogura (31), p 58. 

>» Ogura (31), p 58 , Text-Fig 1 , PI IV 
*• Ogura (27), p 352 , Text-Fig 1 
»> Feistmantel (77), p 136, PI I, Figs. 1,2. 

» Feistmantel (77), p. 136. 
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irregularly arranged m the original specimen Certain oblong grooves are 
present in the lower half of the leaf-cushion (PI X) Feistmantel” applies 
the term ‘ stigmata ’ to these structures To judge from their appearance 
in the original specimen they are stnictures of a different nature from vascular 
bundles These structures may be compared with pneurnatophores as 
figured by Bower in Alsophila 14 

(e) Comparison mlh the other species of Protocyathea 

Prom a brief consideration of the different species of Protocyathea at 
present included within the form genus, it is clear that the Rajmahal species 
shows the closest resemblance with the South Indian species P trtchtnopolt- 
ensts Fst” To some extent the shape and size and the arrangement of 
the leaf-scars in the older parts of the stem, is similar to that m P tnchtno- 
pohensis Fst The general plan of distribution of the few vascular bundles 
m P. tnchxnopoUensis Fst is less complicated than in the other species of Proto¬ 
cyathea (cf Text-Fig 4 with Text-Figs 3, 5-7) On the other hand, the irre¬ 
gular arrangement of the vascular bundles above the lower arc of bundles in 
P tnchinopoltensts Fst (Text-Fig 4) is quite different from that in the 
Rajmahal species, where the uppermost bundles are seen disposed quite 
regularly, running close to the adaxial margin (Text-Fig. 2) P tnchtno- 
poltcnsn Fst, moreover, differs from the Rajmahal species in the absence of a 
clearly differentiated leaf-scar on the upper part of the cushion and of corru¬ 
gations on the leaf-cushions In the absence of ‘ stigmata ' and in the 
presence of a smaller number of vascular bundles, our specimen shows further 
important differences from the Cretaceous species from South India There¬ 
fore the species is described as new 

The other.species of Protocyathea show little resemblance with Proto¬ 
cyathea rajmahalense sp nov The size and shape of the leaf-scars, and the 
arrangement of the numerous vascular bundles, both in Protocyathea cya- 
theoides (Unger)” and Protocyathea Tokunagax Ogura," are totally different 
(see Text-Figs 3, 6) As regards P cretacea (Stenz ),*» although it comes 
nearer to the Indian species in the size of the scars and in the smaller number 
of vascular bundles, the arrangement of the bundles is different 


•» Feistmantcl (77), pp. 136, 137 , PI I, F.g« I, 2 

•* Bower (23), p. 203. Fig 193 

*» Feistmantel (77), pp 136,137 , PI I, Fig». 1, 2 

•• Unger (67), PI I, Figa 1-4 

« Ognra (31), PI IV, Text-Fig. 1. 

m Hollas und van der Marck (80), Pi. 43. Fig. 186 
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(d) Geological and geographical distribution of the Cyatheacea 

General —For a clear understanding of the geological and geographical 
distribution erf the Cyatheacese, records of fern fronds as well as stem remains 
have to be briefly considered. The distribution of fem fronds believed 
to be of Cyatheaceous affinity has already been treated by Seward and 
others,** and there is little necessity to go over that difficult ground again. 
Our attention is confined mainly to the stem remains preserved in the form 
of petrifactions, casts or impressions, which may be reasonably referred 
to the Cyatheaceae (see Table II). Before entering into a discussion regarding 
their distribution, geological and geographical, the value of each genus as 
evidence of Cyatheaceous affinity should be considered Posthumus** and 
Bancroft* 1 have recently made similar attempts. 

Petrifactions —The most important and widely distributed stem genus 
referred to this group is Protoptens, which includes both petrifactions and 
casts ** The probable Cyatheaceous affinities of this genus can be recognised 
by its leaf-trace with inwardly curved ends and plicate margin The two east 
Asiatic species, Ctbohocaults Tatexwte Ogura" and Cibottum twaiense Ogura,** 
resemble the living genus Cibottum in the mode of departure of the leaf- 
traces and m the arrangement of the vascular bundles in the petiolar base 
Caulopteris arborescent Stenzel** and Caulopterts Hrownii Renault* 4 show to 
a certain extent stelar similarity with the modem Cyatheacew But 
certain features in which the two above-mentioned species differ from the 
living Cyatheacese were already pointed ont by Bancroft** and Rao •* The 
stem anatomy of Cyaihocaults naklongensis Ogura** can best be compared, 
according to Ogura, with that of the living species Dicksoma antarctiea 
Dendroptendium cyatheotdes Bancroft 49 shows an undoubted polycyclic 

s» Seward (33), pp 343, 369 , Seward (10). p. 367 , Halle (13). pp. 17, 94 , Hirraer (27), 
p 637 , Thomas (11), p 387 , PotonU und Gothan(2l) , Schenk in Zittel (90). pp 92-95, 

« Poithumui (31). 

11 Bancroft (32), p 249. 

•» Seward (10), pp. 370-375 , tee alio for further reference*. 

•» Ogura (27), pp 364-368 , Text-Pim. 10. U , PI HI, Riga 13-15; PI. VIII, 
Figs 43-49 

*« Ogura (33), p 748 , Text-Fig.. 1, 2 , PI. II, Fig. 1-4. 

» Stentel (97), p 10 , PI*. I, II . Ill, Fig. 16-19. 

»• Renault (83), p 73 , PI VIII. Fig 10 , Rao (34). pp. 22I-22S , PI XXXIir, 
Figa 3-6 

• T Bancroft (32), p 349 

« Rao (34), p 221 

»» Ogura (27), p 351 , Text-Figs 1-9 j PI II, Fig., 1-6 , PL III, Figs. 7-12 ; 
PI. IV-VI. 

** Bancroft (32), p. 241 ; Text-Figs 1,2 , Pis. IX, X. 
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structure of Cyatbeaceou* type The genus Cyathorachts Fuptana Ogura 41 
is a well preserved piece of rachis showing numerous bundles arranged as 
in some modern Cyatheaceae Rktxodendron oppoltntxe Gfipp on the 
other hand, is a species of doubtful affinity which has been included under 
the Cyatheaceae by certain authors It shows fibrons bundles in the cortex 
and pith with sclerenchymatous tissue outside the main stele. The leaf- 
trace has four or more strands 

Impressions —Among the casts and impressions of Cyatheaceous affinity 
Oncopteris “ and Protocyathea 44 are the two important genera Protoptms, 
as mentioned above, is also known as casts The internal anatomy of the 
species included in the first two genera is at present unknown , and till their 
internal structure is known they cannot be removed from the present position 
of uncertain affinity to a more stable footing But their affinities are no 
doubt more with the Cyatheaceae than with any other group of ferns The 
genus Oncoptens shows, besides a ring of separate wart-like bundles, two 
< -shaped or C-shaped bundles at the top of the scar A similar arrange¬ 
ment of the vascular bundles in the leaf-base is also noticed in some of the 
living Dicksoniese The affinities of Protocyathea with the living Cyatheaceae 
have already been considered elsewhere in detail 

From the above brief discussion it would appear that as far as their 
anatomy is concerned, the Cyatheaceae have descended from their Mesozoic 
ancestors with but little modification 

Table II is intended to illustrate the distribution in space and time of 
such fossil stems as may be reasonably regarded, on data at present available, 
as members of the Cyatheaoec 

The geographical distribution of the living Cyatheaceae has been ably 
dealt with by Diels 44 Their distribution m a broad belt throughout the 
tropics and sub-tropics of the Old and the New Worlds forms a striking 
contrast to their distribution in the past 

According to Seward 44 “ We have as yet no satisfactory evidence of the 
existence of the Cyatheaceae in Palaeozoic flora ” 


“ Ogura (27), p 36* , Text-Flg» 12, 13 , PI. VIII, Figs. 50-54 
*» Cappert (65), p. 397 , Steniel (86), p S , PI I, Fig* 1, 3, 5-12 , PI II , PI III, 
Figs 20-29 Kao (34), pp 225, 226. , 

44 Kreici (53) : Fentmantel (72), Velenorsky (88) , Potonii (90), Frit und Bayer (Ol) , 
Seward (10), Pelourde (11); 04) ! Engelhard! (81); Sten.el (97); Hirmer (27), Ogora 
(31); Velonovik/and VlnlkWf (29). 

• 4 See Table I for loll reference* 

*> Diet* (02), pp 117, 122, 124-138. 

44 Seward (10), p. 366. 
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RhaHc.—lt is not till the Rhsetk period is reached that we find anything 
like definite evidence of this family of ferns, and in these rocks, too, they 
have so far been found only in the form of leaf impressions “ The only 
Rhsetic record so far known is from Tonkin. 

Jurassic —During the Jurassic, however, the Cyatheaeeee had a world¬ 
wide distribution We have several undoubted records of Cyatheaceous 
ferns (both stem remains and fronds) Of petrified stems, the earliest 
reliable evidence so far available was from the Upper Jurassic, namely, 
CtboUocaults Tateiwce Ogura** from Korea, and Cyalhocauhs naktongensts 
Ogura** from Tapan The discovery of Protocyathea rajmahalense sp nov. 
from the Rajmahal series, which is at present believed to be of Middle 
Jurassic age,** therefore takes us further back in the geological scale (see 
Table II) In the Jurassic rocks fern fronds are more commonly found than 
stem remains ( onxoptms hymenophylloxdes (Brong ) and F.boracxa lobifolta 
(Phill.) 51 were well represented in the vegetation of this penod Another 
fern possibly belonging to the same family was Stachyptens ** 

Cretaceous —The Cretaceous records are mainly confined to the stem 
remains, the largest number being found in the Upper Cretaceous (see 
Table II) The fronds which were abundantly represented m the Jurassic 
are singularly rare in these rocks But there is enough evidence to show 
(from the stem remains so far known), that the Cyatheaeeee were more or 
less well represented during this period as well (see Table II), though probably 
not to such a great extent as in the Jurassic Protop tens punctata Stern 
described by Heer“ from the Cretaceous of Greenland, establishes the extreme 
northerly distribution of the group Protocyatkea tnchtnopohensts Fst 
from the Cretaceous rocks of South India, also shows the wide range of the 
family during that period 

1 triuxry —There is great scarcity of Cyatheaceous records of any type 
after tlic Cretaceous Except for two species of stems, Oncoptens Laubejt 
(Engelb ) probably from the early Tertiary of Bohemia,** and Dendroplert- 
dtum cyaiheoxd.es Banc from the late Tertiary of li Africa,“ there is no 
evidence of a Tellable nature 

♦i _ 2eilier (03), p 36. PI. IV, Fig. 1 , Halle (13), p 94 , Seward (33), pp. 343, 3S0 

*> Ogura (27), P 364 
Ogura (27), p 3S1 
Sahni (32), pp 14,15. 

See Halle (13), for ful) reference, op 19-21 Coniofteru hymenophylloidet, 
pp 16-17 Bboracia lobifolia, Hirruer (27), pp 637-639 
Thomas (12) , Seward (33). p. 350. 

Heer (82), PI. XLVII 

Engelhardt (SI), p 284, Taf 1, Pigs. 1-4 

Bancroft (32), p. 241 
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Conclusion —Tims, if we consider the records of stem remains and 
frond impressions collectively as evidence for the existence of Cyatheaceous 
ferns, it can safely be said that the group was abundantly represented in 
the vegetation of the Jurassic and Cretaceous jienods, and enjoyed an almost 
cosmopolitan existence By the end of the Cretaceous they had already 
started disappearing from the northern regions, and during the period that 
followed, in company with other groups of ferns such as the Gleicheniaceee 
and the Marattiaceae, they became confined to their present restricted 
distribution within the tropics and south temperate zone 
(e) Geological age of the Sakngalighat beds 

A definite opinion on the geological age of the beds cannot be ventured 
at this stage It will, however, be discussed after the other specimens from 
this locality are examined and described But it may be mentioned that 
Protocyathea is a genus previously recorded only from the Cretaceous rocks 

4 Summary 

1 Protocyathea rajmahalense sp nov is described from certain beds 
at Sakngalighat, m Behar 

2 The earliest recorded species of Cyatheaceous stems are from the 
Upper Jurassic of Korea The discovery of the Indian species takes us 
further back in the geological scale, because the Rajmahal senes is probably 
not so young as the Upper Jurassic, unless of course, the Sakrigali beds are 
higher than the rest of the Rajmahal series, a question which deserves the 
attention of geologists 

3 The affinities of the Rajmahal species with the other species of 
Protocyathea are discussed The closest resemblance is with Protocyathea 
Inchinopoltensts Fst from the Cretaceous of South India Due to certain 
important differences from the latter, the Rajmahal form is desenbed as 
a new species 

4 The distnbution of the Cyatbeace®, both living and fossil, is briefly 
discussed. 
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EXPLANATION OF PLATES 


All figures arc untouched photographs With the exception of the 
all the figured specimens come from Sakngalighat. and are preserved 
Botany, Lucknow University 

PlAT* VII 


original of Plate 
in the Department 


X, 

of 


Pie 1—Photograph showing the band of hard silicified shale (Zone B) 
which runs along the base of the cliff, Sakngalighat All the .pec.mens of 
ProtocMtthca rajmahalrmt here described were collected from this stratum 

Fio 2—A View of the same rone (Zone B) in the month of October when 
the river Is in floods The soft brittle strata (Zone A) are submerged. 

Fie 3-A new of the toft strata (Zone A) from the north-west The 
bed of hard sihcified shales (Zone B) can be seen m the background overlying 
the soft shales 

Fie 4—Photograph showing the soft shales (Zone A) dipping north into 
the river A view from the south-east, when the water has receded The 
man it seen standing at the spot which yielded the major part of the collections 
from this aone (to be described in a subsequent paper) The hard band is 
seen higher up at B, also dipping north 


Pi at* VIII 


Fio ii—Prototvathea rajmahobiiw sp nov, showing the leaf-cushions and 
scars X s / 6 Specimen 1 (F, 188) o, ft, two o( the leaf-cushions magnified 
in PI IX, Figs II and 9 respectively 

Fir 6— Prolocyatkta raimahalcnte sp nov, showing two types of leaf-scars 
a, scars wilh well-developed leaf-cushions. ft scars with more or less undeveloped 
leaf-cushions Natural sue Specimen 2 <b 191) 

Fic 7 —Pratacyatkea raimaMenst sp nov A side view of Specimen 2 
(F, 191), figured m Plate VIII Fig ft, showing on the left an adventitious root 
(r), and on the right a leaf-stalk (f) Natural sue 


Pi at* IX 

Ftc 6.—Prolocyathro raimahalaue sp nov Specimen 3 (E 189) Slightly 


Fic 9 —Protocyathra rajmaholeiite sp nov One ol the leaf-sears marked 

(ft) in PI VIII, Fig S, enlarged, showing impressions of scales or hairs X 

Fic 10 -Protacyathea rajmahalcnsc sp nov, showing impressions of sclt- 
renchyma or tracheids X * 

Fic. 11 — Prolocyalhea ra t moMeni( sp nov One of tin leaf-cushions marked 
(a) m PI VIII, Fig 3, enlarged, showing the leaf-trace bundles and impressions 
of scales or hairs below the Itaf-star X 3 
Pi AT* X 

Fvc 12— Proloryalhea Irtchuwpoheniit Fst The type specimen (from the 
Cretaceous of S India) preserved in the museum of the Geological Survey 
of India From a pliotograph supplied by the Geological Survey of India 
Natural size. 
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Although it is not easy to find the cause which accounts for the fact, it 
is well known that the growth of sugarcane in many places becomes poorer 
year after year Though the cultivation operations improve the physical 
condition of the soil and increase the availability of plant nutmnts, there 
is a limit however to the benefit which can thus be obtained In the middle 
of the last century, Reynoso 1 working on certain sugarcane soils, finds that 
the most robust canes are grown in calcareous soils and that these also 
afford juices rich m sugar Rroiu that time many investigators have worked 
on this problem Notable among these being Harmon* working on British 
Guinea soils, Crawley* on Cuban soils and Burgess and Kelley* on Hawaiian 
soils But none of these workers seem to have tried to co-ordinate and hud 
out the cause of this deterioration of the soils and of the presence of jioorly 
grown canes Isaburo Wado and Sunao Ato* tried to co-ordmate the results 
of analysis of some of the robust and poorly grown canes and some of the 
" fertile ” and “ infertile ” soils supplied to them by the Ensuike Sugar 
Manufacturing Co, but tlieir results do not seem to be conclusive 

The chemical changes that proceed in a well-cultivated soil are essen¬ 
tially of the nature of oxidation Hence it appears quite possible that if 
the changes can be accelerated by certain chemical treatments, better plant 
growth and greater increase in yield may be expected During recent 
years there has been an increasing evidence to show that many of the 
elements which have been hitherto regarded as “ unessential ", exercise 
marked influence on the plant growth Subramanyan and collaborators* 
have shown in a series of papers that the organic matter cither belonging 
to the soil or that which is added as manure undergoes decomposition yielding 
mineral nutrients in available form They have also shown that the de¬ 
composition which is rather slow under natural conditions can be considerably 
hastened by the addition of mild oxidising agents resulting in the larger 
release of plant nutrients and larger yield of crop 

According to Deibig’ the productivity of a soil is not however so much 
governed by the combined effect of all controlling factors as by the influence 
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of one decisive feature These trace elements mav effect the availability 
of soil nutrient reserves or when applied with ordinary chemical fertilisers 
may increase their effect—even rendering tlum of benefit where they nor¬ 
mally fail Among the various workers who have contributed to this line 
of research mention must be made of Bertrand and co-workers, 8 Warrington," 
Sorrier and Hass'" and Reid who have shown that minute quantities of 
p, I, Zn, Al, Mn and B are essential to the normal growth of plant The 
great importance of traces of Mn for the plant lias been demonstrates! by 
McHargue, McLean, Kellev and Gerrestsen 11 Kelley while studying the 
Hawaiian soils, observed the presence of large quantities of Mn and Ti while 
Gerrestsen believes that Mn intensifies photosynthesis by acclerating the 
oxidation processes connected with the photochemical reactions in the leaf, 
shortage of Mn resulting in a retarded carbon dioxide assimilation The 
occurrence of Mo and V in nature has been well studied by Muelen, 18 
Dingwall, 15 Homer 14 and others These investigators have observed that 
applications of Mo will increase at times the growth of arotobaeter cultures 
two- or three-fold 

Recently, Dhar and his collaborators 14 investigating the application of 
molasses to the soil and the consequent photomtnfication, observe that in 
tropical soils the fixation of atmospheric nitrogen by the addition of energv-ndi 
compounds is photochemical and catalytic, and that compounds of Mn, Zn and 
traces of Ti greatl> facilitate tile oxidation reactions occurring in the soil 

In connection with his recent exiienments on the utilisation of molasses 
as fertiliser, the author had occasion to investigate the physical and chemical 
characteristics of some typical soils from cam-growing areas It is proposed 
here to give the results of the investigation which mainly deal with fertile 
and infertile samples from the same locality After years of inltivation 
and mammal treatment it was found that in the same locnhtv some sods 
were unproductive foT sugarcane cultivation while the others responded 
well to mammal treatments, as indicated by the return in the quantity as 
well as the quality of the cane Oil this basis the soils (0 V depth) were 
kindly supplied to the author by Mr S S Patrudu, Superintendent of the 
Agricultural Research Station, Anakapalli, as representing " fertile ‘ and 
" infertile ” fields in adjacent blocks 

Physical Studies —The soil-wateT relationships are largely dependent 
upon the textural composition of the soil The mechanical composition as 
a method of expressing the texture of soils has been generally recognised 
But in the ordinary methods the dispersion effected seems to be inadequate 
to sejiarate the soil colloids from the- mineral particles 
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Samples from a fertile and infertile zone are analysed for a number of 
physical properties, including a study of the spectra emitted under suitable 
conditions by these soils The samples (from the fertile and infertile regions 
obtained from a sugarcane field near Vizagapatani) contained the following 
main fractions — 

Clay (0 002 mm & below) 15 12 % 

Silt (0 02 to 0 002 nun ) 6 15 % 

F Sand (0 2 to 0 02 mm) U 12% 

C Sand (2 0 mm to 0 2 mm ) ‘11 10 % 

These soils oecup> a large proportion of the eultnattd and uncultivated 
areas of the tract The absorptive capacities of the soils were next studied 
in squat form weighing Ixittlcs About 10 gni of the sample is taken in 
the weighing bottle and exposed to sulphuric, aud-water mixtures in vacuum 
desiccators, 1 * which wc re kept in a thermostat at 10° C Constancy of weight 
was attained after a period of forty-tight hours But they are usnalU 
exposed for not less than three days and the moisture content determined 
in a hot-air oven at 105° C The results obtained for duplicate samples 
from the fertile and infertile regions arc green below for the lelativt humidi¬ 
ties at which the experiment was done 


T\bi r I 


Ham pie 

Bel Hum 
20 % 

40% 

oo% j 

80% j 

100",, 

Fertile l 

2 41 

1 01 

5 73 

7 01 j 
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2,11 

4 06 

5 <80 

7 05 j 

10 12 

Infertile J 

0 52 

1 63 

2 2) 

i 3 01 

5 1.3 

2 

0 5<> 


2 27 

j 1 00 

5 18 


(tor the hygroscopic moisture al t00% R H water was used in the desiccator instead 
of sulphuric acid ) 

It is interesting to note that though the mechanical composition of the 
soils was practically the same for the two fields yet the powtrs of absorp¬ 
tion of water waned considerably and it is here that we can seek for an 
explanation for the difference in fertility of the two fields 

The absorption of water vajioiir by the soils when exposed to sulphuric, 
acid of 3 3 per cent strength at 28° 5C giving a relative humidity of 




94 


A. L. Similar Rao 


98 per cent was studied over a period of 50 days in order to see whether 
these differences m the absorptive capacities persist The results of this 
experiment are given in Table II below' 

Tabus II 

Moisture Content at Different Periods 



Sample 1 is from a fertile field and the sample 2 is from the infertile area 
Duplicates agreed well, hence a mean value only is given above 

The absorption is very rapid at first and then the rate diminishes The 
rate of absorption follows an exponential relationship with time of the type 
R -A (!-«•*) 

The equation when applied to the absorption of moisture by the soil samples 
given above becomes 

R « 12 2 (1- 0-65 x 10-®“') for sample 1 and 
R « 6 -7 (1 — 0 79 x 10“® #w ) for sample 2, where 
R is the moisture content m time t days 
It is clear from the above that the higher absorptive capacities displajed 
by the samples from the fertile field might be due to the presence of higher 
amount of colloidal in these samples ” 

A determination of the colloidal matter present in the soil samples was 
made using the method due to G J. Bouyoucos 1 * known commonly as the 
hydrometer method The duplicate samples from the two fields gave the 
following values at the laboratory temperature 
Fertile . (Sample 1) 21-12% colloids 
(Sample 2) 20-03% „ 

Infertile . (Sample 1) 12 -21% „ 

(Sample 2) 10-13% „ 

The above values confirm the observations made earlier that the differences 
in the absorptive capacities might be due to the different amounts of colloids 
present in the samples 

The Chemical Analysts of the above samples was done by the methods 
of the A O A C. It is surprising to note that with the exception of Dune 
the major constituents did not vary in the two blocks 
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Fertile block 

Infertile block 

1 

Insolubles 

74-12 

83-17 

Iron and Alumina 

0 73 

7 42 

Lime as OaO 

12-10 

6-52 

MgO 

1 52 

1 50 

Na,0 

0 21 

0 27 

K t O 

0-64 

0 55 

P,O t 

0 09 

0 07 


Organic carbon and total nitrogen'* in the samples was found to be as 
follows 



Fertile 

Infertile 

Organic Carbon 

1-20 

1 05 

Total Nitrogen 

0 0475 

0 0398 


The above values do not conclusively show any great differences in 
the major constituents of the soils including the total nitrogen and organic 
carbon, for the fertile and infertile blocks, at least as much as to be able to 
account for the observed differences in the absorption towards water The 
experiments conducted by the author show beyond doubt that these diff¬ 
erences in the powers of absorption are due to the differences in the colloidal 
content In this connection attention may be drawn to the views of 
P J, Alwaye,“ P L Gilc" Mid. their co-workers ” The colloidal material 
of the soils ”, according to fenul Troug**, " is usually largely mineral and 
rarely is 10 per cent or more of it organic” 

For reasons stated above a search for the mineral constituents including 
the trace elements was made The work reported here is of a preliminary 
nature, as far as the section on the spectrogTaphic analysis is concerned, 
which was mainly undertaken with a view to standardise the technique 
employed m the analysis of soils Concentrations of the trace elements 
are usually so minute that their detection and estimation would require 
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profound study of methods foUowed by laborious research in large quanti¬ 
ties of the material 

Spec trograpluc investigations of trace elements avoid these difficulties 
and the process of obtaining an ultimate mineral analysis of a soil becomes 
very simple The spectrograph can present successive stages of a profile 
on a single plate revealing at a glance variations in the quantity of an element 
A comparison of the intensities of the lines in the various spectra leads to 
fairly reliable results The author has therefore photographed the arc 
spectra of the soil samples and this preliminary investigation is mainly 
intended to finding all the metallic elements contained in the soils without 
allowing even the rare ones to escape detection For this purpose, soils 
previously prepared according to the official method and reduced to fine 
powder were used in a carbon arc, using for the purpose hollowed out caTbon 
electrodes filled with the samples and a direct air rent of five amperes 
A slightly different form of carbon arc which was found to be specially 
serviceable in obtaining the spectra of metals having low boiling points was 
used In this the upper carbon is surrounded with a water-box through 
winch there is kept a constant flow of cold water which prevented the tempe¬ 
rature of the electrode from becoming too high The spectra were photo¬ 
graphed with a Hilgcr quartz spectrograph and standard spectra were 
impressed on each plate using for the purpose samples made for pure metals 
and chlorides of metals The carbon electrodes used in these experiments 
were of the H S brand purity supplied by Adatn Iltlger In all casts they 
were mounted vertically and were brought together with a gap of about 2mm 
and the are was struck by drawing a third carbon electrode of the same kind 
across the gap and the current was maintained constant for all the exposures 
The spectra are reproduced m Plate XI in winch ' A ’ is the spectrum 
obtained with the mixture containing Na, K, Ca, Mg. Cu, Fe, Si, Al, and Ti, 
Mn, Zn, V in suitable ratio ‘ B ' and ' C' arc spectra of fertile soils and 
• D ’ and ‘ E ’ for the infertile samples for the same locality The minerals 
which could be indubitably detected and identified from these arc Na, K, 
Cu, Mg, Ca, Al, Si, and Fe and the trace elements Zn, Ti, Mn and B while 
the presence of Be is suspected Bv comparing the spectra of these soil 
samples with those of a senes of suitable ratio powders of known composi¬ 
tion attempts have been made to determine the proportion of the minor 
constituents By this method, the Mn content of the majority of the fertile 
soils was found to range from 0-04 to 0-15 while the value of Zn ranged 
from 0 -03 to 0 06 While the problem is evidently more complicated than 
would at first sight appear, there seems to be nonetheless a connection 
between Zn, Mn and Ti content and fertility 
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Valuable information might be obtained b> the spectroscopic examina¬ 
tion of soils and the ashes, roots and stems and leaves of plants that grow 
in these soils supplemented by the chemical estimation of the trace elements. 
Further experiments in this direction are in progress and the author proposes 
to deal with these m another communication 
Summary 

A detailed study of the physical and chemical properties of some fertile 
and infertile soils from sugarcane-growing areas has been carried out The 
study involves the determination of the colloid content, chemical composi¬ 
tion and spectroscopic examination for the minor constituents Although 
there has been no significant difference in soil composition, attention is 
drawn to the role of trace elements Zn and Ti in plant nutrition Arc 
spectra of these soil samples have been photographed and by comparing 
these spectra with those of a senes of suitable ratio powders of known compo¬ 
sition attempts are made to determine the proportion of the trace elements 
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Among numerous specimens of Calotes versicolor subsp major, one of them 
showed us some minute, roundish, curious parasites which will be described 
in this note In living condition, in hanging drop preparations, they appear 
as circular bodies, with refnngent greenish protoplasm, surrounded bv 
a rather strong membrane and provided to a certain extent with a kind of 
movement which seems browuian The red globule has sometimes m it* 
interior 2 or 3 of these bodies, but does not show any alteration Similar 
bodies are also found free and some of them, cither free or endoglobular, 
have a small bud attached to the mother-cell, as it happens in yeasts 

Stained by Leishmann’s solution or by Mav-Grunwald-Giemsa, these 
bodies appear under various morphological aspects, figured in our coloured 
plate and which can be described m the following wav 

1 Small round chromatic dot, of anaplasmoid nature (Pi XII, Fig 2) 

2 Small roundish body surrounded by a more or less strong membrane, 
taking a chromatic stain, and possessing a central nuclear granule, more or 
less developed (PI XII, Figs 1, 3, 4) 

(а) the membrane may have two or three chromatic granules, attached 

to it, moreover the central nucleus (PI XII, Fig 8), 

(б) the body may be devoid of any granule, resembling a mere 

vacuole, surrounded by the membrane (PI XII, Figs 11, 12) 

(c) the central granule may be located on the periphery (PI XIT, 

Fig 10) and show a kind of budding (PI XII, Figs 15, 16) 

3 In all figures described under ahnea 2 the interior of the corpuscle 
or its protoplasm was colourless. We have now figures where the proto¬ 
plasm is stained blue or grey blue, often surrounded by a white circular halo 
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(PI XII, Fig 13) without any granule at all (PI XII, Fig 5), with a central 
chromatic granule (Fig 13) or the nuclear mass more or less peripheric 
(Figs 0, 7) It is not rare to find globules as figured in our Fig 9, where 
it seems that the parasite is almost to jienetrate in the rtd cell The general 
form is circular, but often, specially when there is an appearance of budding, 
the form may be elliptic. elongated 

Some blood '■mears were stained by lron-lisemotoxylm of Hcidenhain 
after wet fixation bv Schattdinn’s sublimate and Bourn The general struc¬ 
ture is the same as that found in Romanowsky's stain either anaplasmoid, 
or of a corpuscle with a more or levs conspicuous membrane, surrounded or 
not bv a halo and possessing m its interior, vacuolated or with a slight 
trace of protoplasm, a chromatic granule more or less developed This 
chromatic granule which acts as nucleus may sometimes show the apjiear- 
ance of a ring 

••••••I* 

MHINI 

What becomes more evident by iron-haematoxyhn staining is the 
process of division of this organism The nucleus constituted by 
a small minute granule is enlarged and takes a ring form Further on it 
becomes compact and gives origin to a small bud which makes a kind of 
protrusion to the exterior One part of the membrane surrounds the 
nuclear bud and in subsequent stages the cytodieresis occur 

©(§)(•) @($@)($(§000 © 

Schema of the Division. 

What is the nature of these bodies ? Have they been found and 
described by other authors ? 
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Consulting the literature at our disjwsal we see in Dutton, Todd and 
Tobey 1 their Fig 55 of Plate XXV labelled as " the unidentified parasite 
of snake-round form ” and Figs IOC, 108, 110, 111, 114 and perhaps 104 
of the Plate XXIX, all these labelled as Cytamceba, which seem to us of 
the same nature as our actual parasite Dutton and co-workers classified 
them as Cytamceba 

This name was employed by Dalilewsk> (1890) as syn of Plasmodium 
Ubb4 (1894) gave the name ( ytamceba barter if era for some peculiar bodies in 
the red cells of Rana esculenta which have been named Bacillus krusei by 
Daveran in 1899 Having come across with the so-called B krusei some 
years ago, the senior author can assure that their nodulo-filamentar struc¬ 
ture has nothing in common with the structure which we have described 
in our parasite 

Wen>oil, in his Protozoology (pp 1050-51), assembles under the same 
title of Cytamceba, in the work of Dutton and allia, both the corpuscles 
which we have indicated above as others, associated with some rods of 
crystalline nature (Dutton and allia, Plate XXIV, Figs 95-98), which, 
described by these authors as “an unidentified parasite’’, were included by 
Franca in his genus Toddta, sp Toddia bu/onts (1910) 

More recently Scliwetz m Belgian Congo lias described the Bacillus 
krusei * as “ orgamsmes lntracellulaires, arrondis, tant6t gianultux tant6t 
presque homogbnes ct tantftt ayant l'aspect d'un amas de minuscules 
bacilles ” 

They were found in Rana albilabrts, oxyrhynchus and occipitalis and in 
Bu/o regulans The author did not find the amoeboid movements seen by 
other authors He states that these parasites have been described by 
numerous authors under the names Bacillus krusei Laveran, Cytamceba 
bactenfera Dabbe and loddia bufoms Fran?a 

Reviewing these parasites of frogs we believe 

(a) that the so-called Bacillus krusei I,av of frogs is easily recognisable 
by its nodulo-filamentous contents and that Cytamceba bactenjera is a syn 
of B krusei , 

(5) that those parasites (?) which were associated with some crystals 
and were described by Dutton, Todd and Tobey as "an unidentified para¬ 
site ”, belong to so-called Toddia Fran$a whose nature and systematic 
position remains yet doubtful , 

fc) that the so-called Cytamceba of Dutton, Todd and Tobey are of the 
same nature as the parasites we are studying now 
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In 1915 we find a jiaper bv Annie Porter® where some organisms figured 
by the author in her Text-Pigs 8, 9 and 10, belonging to the blood of cold¬ 
blooded vertebrates such as snakes and frogs, seem to us to belong to the 
same kind of organisms Annie Porter identified them to Anaplasma, but 
we are very doubtful on such identification, as at that time much contro¬ 
versy reigned over the nature of Anaplasma, some authors as Dias and 
AragaS 4 denying their protozoan nature It seems that Porter included 
among those bodies various kinds of organisms and perhaps the mistake 
on the recognition of their differentiation came just because she considered 
that the structure was the same " whatever was the host from which they 
were obtained—man, cattle, mice, birds, reptiles, amphibia or fish ” Our 
opinion is based on the fact thnt at the side of " small, uniform, usually 
spheric masses, that stained intensely with chromatic stain, that is, they 
were basophilic" were observed other corpuscles with a somewhat less 
densely staining portion of cytoplasm, surrounding the chromatuuc liodies 
Indeed the author claims that " no marked exterior limit to such an aiea 
or halo could be found and the staining appeared to be merely an idiosyn¬ 
crasy of that portion of the host cell ’’ Whatever Ik the nature of those 

bodies_some of them, the so-called uniformly basophilic, perhaps Anaplasma, 

perhaps reliquats of cell nuclei, or anaplasmoid, the others with surrounding 
cytoplasm probably of the same rank as the bodies we arc discribing now— 
what is interesting to note in the description of Porter is the process of 
multiplication " near one point of the periphery of the nucleus of the red 
cell, a small bud appears This tiny projection increases in size and 
gradually becomes somewhat spherical The bud thus formed is extended 
and passes into the cytoplasm as a small spherical boilv ” She described 
also a multiple budding, " the result being a small rosette of Anaplasmata 
in the cytoplasm of th< host cdl ” 

It will not be devoid of inter*st to state the confusion yet existing ou 
the nature and identification of mammalian dnaplasma-Ukc bodies and the 
classification of Carpano 4 should here be recorded — 

1 st group— Karyolvtic masses caused bv nuclear delvsis due to the 
introduction of chemical anemia producting substances or to toxms of 
microbes or metazoa —Pseudoanaplasma 

2nd group —Stages on the evolution cvele of some Piroplastna ( Nuttoha, 
Thetlerta, Gondena, etc )—Anaplasmoids 

Zrd group —Microparasites constituting transitional forms between 
anaplasms and piroplasms and showing in experimental inoculations rare 
piroplasmoid forms—Par-anaphsma (sp Anaplasma centraU) 
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ah group —Microparasites which may be transmitted m a pure stage- 
Anaplasma (sj> A marginals) 


In 1924, Pranchim* described in the blood of a bird some interesting 
bodies, which may give rise to some confusion with the parasites we are 
describing In fresh blood they appeared as “ de petits corps qui avaient 
plutdt l’aspect de vacuoles ” In stained smears " les parasites les plus 
jeunes ont 1'aspect d’une petite tlclie colorie faiblement en bleu, ensuite 
cette tAche augmeute dc volume, se disposant cn forme de virgule, mats 
plus souvent en forme de demicercle on de cerclc eomplet Ives parasites 
sont parfois isoles, mats plus frfquemment r&ims k plusieurs dans le m«me 
globule rouge et k ce stade le protoplasms est uniforms A im stade plus 
avane6, les corps en question augmentent de volume , lls prennent une 
forme ovalaire ou plus souvent arrondio en forme de bague Leut proto- 
plasme est plus foncS et ll n’est pas rare de voir k son int4neur un noyau 
compact ou compost dc grams de chromatine Le contour du parasite est 
trts apparent, il dement 6pais et cher le parasite adults son ipassieur 
augmente encore On pourrait croire qu’il s’agit de formes enlcystees Le 
noyau du parasite est toujours unique, il n'y a pas de micl&ole et jamais 
nous n'avons pu voir des formes de multiplication I<e protoplasme ne 
contient pas de pigment II ne s’agit m d’un Puoplasme ui d’lm 
Anaplasine II ressemble k certams himatozoaires dberits anterieuremens 
par Balfour ” 

Yes, such bodies were first described by Balfour 7 and his Plate VI is 
extremely dear They were believed by Balfour to constitute the after 
phai>e stage of fowl spirochtetosis This hvpothesis is again referred to in 
the Fourth Report • In 1929, Curasson and Andrjesky • through some 
inoculation experiments, definitely state that the “ Balfour Bodies " do not 
belong to the cycle of Spirochsetes and Brumpt, discussing this paper, says 
'■ An cours d’une mission r6cente en Egypte j’ai en 1’occasion de discuter 
la nature des corps de Balfour avec le professeur M Carpano . Cet Auteur 
a deniontr£ la nature parasitaire de ces corps en les inoeulant k des animaux 
sensibles , il 4 donne & ces corps qn’il considfere coniine des piroplosmid6s le 
nom i'Aegvpttanella puUorum . . Ives trbs interessants germes dicou- 
verts par Balfour qui an debut de ses recherches, les considirait comme 
voisins des representants de la famille dcs Piroplasnudfe, doivent d’aprts 
Carpano et moi 6tre classes dans cette famille, mon opinion est que 
ces etres prfoentent surtout des affimtfes avec des parasites du genre 
Attsplasma ” 
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These "after phase bodies”, whose nature and structure is very differ¬ 
ent from that of the parasite which constitutes the object of this paper, have 
also been found m fowls by Bouct (1909) in French Soudan, by Dschounkowsky 
and Lulls in Transcaucasia, by Yowet (1910) in Cape Town, Donation and 
Lestoquard (1930) in Alger and by Yakimoff in Caucasia They are now classi¬ 
fied as Aegypttanella ptdlonttn Carpano (1929) (syn Aegypltanella granulosa 
Brumpt) 

A parasite enttrely similar to ours has been described by Cerruti 10 
The coloured plate which illustrates his paper does entirely agree with our 
figures excepting hts pyriform, cucumber-like organism depicted in Fig 4 
His description is also verv suggestive in fresh blood " l corpuscoh si 
presentavano all interno dell ’emazie come picolt corpi rotondi motto re- 
refnngenti la luce, quasi imraobili o dotati di movimenti di vibruzioue 
piuttosto vivaci c di lenti movimenti di traslarione, jicr cut jiotevaiio 
spostarsi lentamente nell’ interno della enuzia” Stained bv Mav-Grunwald- 
Giemsa " i granult si coloravano in arurro scuro pm o meno carico, tendente 
al bleu, la loro colorazione non era serapre uniforma, m fatti accanto an 
elementi colorati mtensamente, ve ne erano altn che assumavano molto 
debolmenti la sostanza colorante Generalmente i granuh in questione si 
presentavano sotto forma rotonda, simili a coccln (tijm anaplasma) ma 
analogamente aquelli de Testudo grrrea prendevatio talvolta una forma 
ovale o nettamente bacillare (tipo Bartonella Grahamella), qualcuno assu- 
meva la forma meurvata o remforme od a rachetta Nei preparati allestiti 
specialmente dalla nulza, erano evidenti forme molto piu grandi, rotton- 
deggianti o costituitc da un anello perifenco dcbilmente colorato in azzuro, 
limitante un vacuolo incolorc e colorato molto debilmente Intemamente 
l corpuscoh appanvano ben limitati nel protoplasma della emazie, talvotta 
invece detto protoplasma formeva mtornc ad esse un alone vero e propno " 

Excepting for the Bartonella and racket-like forms every line of the 
description of Cerruti could be applied to our parasite 

Cerruti has classified this parasite in the genus GrahanteUa and named 
the sp G, Thalassachelys 

The genus Grahamella was created by Brumpt in 1911” for the bacillary 
basophil parasites included in red cells of moles and first seen by Graham 
Smith" in 1905 “ Leur aspect est bacilliforme . Certains Aliments 

sont sphinques ou ovoides et mfesnrent un diainitre moyen d'un tiers de 
micron Such bodies were also described and figured by Balfour" m two 
excellent micro-photographs where the red cells are seen filled up with rods 
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and very minute tods, an aspect familiar to every one having come acros* 
with Grahamella In the Fourth Report, Balfour figures the appearance of 
these bodies stained by Romanowsky (his Plate VII, Fig 5) and if he u 
somewhat reticent about their nature, he agrees definitively with the opinion 
of Brumpt in 1911 14 Brumpt continues "Ces corpuscules se colorent parfois 
d'une fa?on liomogine intense par le Glenisa, le plus souvent iLs ont leurs 
extrcmitis fortement colorfes ct le nulieu est clair, c'est ce que l'on voit 
surtout dans les formes que je considire comme etant en vole de division 
(his Text-Figs I, RGH) 

Important to note is the process of division "une forme longue strangle 
vers le milieu qui devient clair, tandis que les pfiles se colorent mtensement 
par suite de la condensation du protoplasma. l'fetranglement s’accentue, la 
section s'effectue, ll en resulte deux elements arrondis ou ovalaires fort 
colorfa que s'allongent et se reproduisent de nouveau Dans certains cas 
la division est inigale et constitute un bourgeonnement " 

Brumpt defines the genus in the following way " Parasites arrondis 
ou bacilliforraes, vivant dans les hematics des vertfbrfcs, se reproduisant 
par division transversale et par bourgeonnement Sp typ Grahamella lalpce 
The word arrondis does not apply certainly to such a large form as 
ours, but to the minute granules winch fill the red blood-corpuscles of some 
mammals and giving a look to the illustrations inserted in page 1057 of 
Wen> oil’s Protozoology, we are doubtful whether the large anaplasmoid 
bodies of his Figs 1, 2, 13 and 31 will belong to the same type as the 
Grahamella of the other figures 

After this long discussion and a good personal knowledge of Grahamella 
such as they are found m the blood of some mammals, we come to the 
conclusion that our parasite and that o t Cerruti cannot be included in the 
genus Grahamella 

We cannot identify our parasite to the genius Ptrrhamocylon (Chatton 
and Blanc, 1914), because whatever be tile validity of the genus, the presence 
of the parasite in the red cell was associated with the appearance of a globu¬ 
lar albuminous body m another part of the cell 

The genus Cingula (Awerinzcw, 1914), on whose parasitic nature 
Wenyon has expressed his doubts, has some resemblance with our parasite 
But this so-called parasite occurs as a small granule surrounded by a clear 
area and later on a vacuole appears, converting it into a ring on one side 
of which a nucleus could be seen Division into two is then said to take 
place Johnston described in 1917 similar bodies, in two snakes from West 
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Africa ( Echts cannatus and Causus rhombeatus) under two types one stain¬ 
ing in homogeneous blue colour after Giemsa or Beislitnann, while the other 
was granular and stained red “ As the bodies we are describing resemble 
very much those found by Johnston, we will quote his own words 
“ a small, spherical, hyaline, bodv, appearing in the red cells, taking a clear 
pale blue with Giemsa’s or Lcishniann’s stain and occasionally showing 
a more darkly staining spherical centre Associated with this is usually 
another body of similar shape but often somewhat smaller—both bodies 
vary considerably in size—finely granular m appearance, taking a dull red 
stain ” 

In the parasite of Johnston it seems that the affected erythrocyte " as 
a rule stams somewhat poorly , it may contaiu vacuoles, one or more The 
nucleus is often smaller and more rounded than that of a normal cell , it may 
be apparently degenerating, staining poorly and showing vacuolation or it 
may even be absent ” 

The author is very reticent at>out the nature of these bodies whether 
they are parasites " though it mav be considered probable They may 
perhaps be a new spedes or perhaps some stage in the development of 
a parasite already described, such as a hemogreganna ’’ 

Canni in 1930 w described in the Leptodactylus pentadaUylus from Sao 
Paulo, Brasil, some bodies which are very similar to our and Cerruti’s 
parasite " 61’examen dirent pctites vacuoles qui, 6taut plus refri- 

gentes et incolores, se d£tachent dans lc protoplasrae dc l’hematte . se 
colorent en bleu par le Giemsa , parfois il n’y a qu’un petit anneau p4riph£- 
nque qui se colore en limitant une vaucole. mais dans les preparations 
mieux rfeussies ou voit un granule plus intendment colore ” 

After vital staining " les corpuscles se colorent cn quelques minutes 
et apparaissent avec une grande nettete dans les globules presque mcolrcs 
Giniralement ronds ou ovalaires, leurs dimensions sont variables. Us plus 
petits sont de la grossenr d’nn coccus tandis que les plus gros out un diamitre 
de 1-2 microns Dans les plus gros, on distingue une partie color6e en rose 
qui contient un granule bleu fonce autour des corpuscules on volt 
parfois dans le protoplasraa de l'ldmatie une zone circulaire plus pile 
Des himaties parasitfces ne sont pas altfcdcs 

Canni finds that they have infinities with Anaplasma, Aegypttanella, 
Grahatnella, Bartonella, hperythrozoon. but cannot be included in any of 
these genera and proposes to this parasite the name Bertarellia leptodactyli 
Bxumpt and Uvier have desenbed under the name Pirrhamocyton 
a parasite of Lacerta vtrtdts which seems to us very similar to ours 
B» * 
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The authors give firstly a short description of P iarentola apud Chatton 
and Blanc (a) young spheric elements, 1-4 micr , clear anweboid outhne, 
possessing in their interior one or many chromophyl masses " Celles-ci 
affectent des formes trts variefo; elles sont soil entiferes, soit bi, tn, quadn- 
loWes, ou bien ces lobes sont rtparK formant autant de masses distinctes 
de tallies diverses ” In some of these parasites it may be seen that " nrtme 
lorsqu'ils ne sont pas au contact du noyau de l’hfnnatie, leur masse chroma- 
tique se trouve unie k ce dernier par un tractus fihformc trts colorable qm 
so ternnne soit en pomte, soit plus souvent pat une capitation trts nette ’’ , 
(i) spheric masses, 3,5 micr, without surrounding cytoplasmic area, “ leur 
chroinatine est divisee cn fins granules, rang6s k la peripherue, sauf un 
corpuseule qui reste central " Important to note, as we have said above, is 
that in all parasitised erythrocytes there is "une inclusion globoide, mesurant 
1-8 micr , ludependento d’ailleurs stmcturalement cJu parasite, mais lrte k sa 
presence, refnngcnte & frais, honiogine ct cyanophile et representant une 
reaction de l'erythrocyte parasite " 

Brumpt and bavier do not find this body tn the red cells of L vtndts 
and nonobstant they classify their parasite as P laceria whose following 
stages are described by the authors (a) anaptasmoid, homogeneous body, 
often surrounded by a light cytoplasmic halo, which sometimes at the 
contact with the cell proptoplasm takes a bluish stain Forms where the 
cytoplasm has the appearance of fiue lilac granulations around a central 
chromatic dot are not rare Dianrttre up to 4 micr , (b) spheroidal masses 
2, 4, 5 micr , outline rather irregular, showingammboid movements, chromatic 
mass single, often multilobatcd, or composed of 2, 3, 4 independent dots 
Sometimes a chromatic filament seems to start from the nuclear mass and 
project to the periphery, constituting in small forms the leishmanoid aspect 
already recorded by Chatton and Blanc, spherical masses of 5 or more 
micr ” avec plusieurs petits grains chromatiques masses dans un seul 
Irtmisplrtre . nous n’avons jamais observe de granule occupant le centre 
et ll nous semble avoir eu affaire settlement k un nombre rcstremt (6 en 
general) de granulations chromatiques, non sjiheriques mais ldgfcrement 
allongies, de tallies souvent megales, et prtsentant une dispositiou assez 
regulrtre ’ 1 

The parasite was successfully inoculated to other lizards of the same 
species, The authors sav " fait important, si Chatton et Blanc ont signal^, 
comme nous l’avons dit, la presence const ante d’une inclusion globoide dans 
chaque globule parasite, chez notie lizard, les erythrocytes ne montraient 
pas la momdre reaction ni de ce genre, w d’aucun autre Neanmoina notre 
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parasite sans 4tre identique k celtii dc la tarente, est certamement extrtme- 
ment voisin, aussi proposons nous do 1c normuer Pirrhamocylon 
tarentola n sp 

We don’t agree with Brumpt and I^avier in this identification Their 
parasite is not a Pinhaimocyton and seems of the same nature as the parasite 
we are describing in this paper, for which we maintain the genus Bertarelha 
Carim, (1930), classifying it as a sp n which we will name Bertarelha calohs 

N B —Prof Carim in a private letter, emphasi/ing that the genus 
Bertarelha belongs to the lll-dt fined group of Bartonella, Pirrhecmocyton, 
Grahamella, Aepyphanella, Tunetella oti , and pointing out that the para¬ 
sitic nature of Bertarelha is probable, but not demonstrated, has promised 
to send us slides of Brazilian tortoise blood containing bodies similar to those 
described by Cerruti 18 As we have also found Bertarelha m the blood of 
the Indian tortoise Ernyda granosa, the definite charat teristics of all these 
genera, together with the description of the tortoise Bertarelha, will be the 
subject of a further paper 
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/ Introduction 

A good deal of quantitative work has been done in other countries as 
regards the seasonal or daily variations m bacterial numbers in order to 
correlate such variations with soil fertility and physical factors such os 
temperature, moisture and rainfall, etc In India, however, as far as it 
could be traced, no such work has so far been carried out and it appeared 
Inghlv desirable to investigate the type of fluctuations occurring in our 
field soils during different seasons of the year—-seasons which are so parti¬ 
cularly marked in the Punjab In the Punjab, seasons of the year can be 
divided into four distinct types (1) Hot summer from middle of May to 
middle of September The tenqierature during this period goes sometimes 
os high as 120° F (2) Autumn months from midfile of September to middle 
of November (3) Cold winter extends from middle of November up till 
the middle of March The temperature during the cold months goes as low 
as 32° F or less (4) From the middle of March to the middle of May is 
the spring weather Keeping in view the marked changes in seasons in the 
Punjab, the present work was undertaken to investigate the following points 
(a) Wliat is the state of the bacterial population in the Punjab soils with 
particular reference to its quantitative aspect ? (6) What are the changes 

that are taking place in the bacterial population in our field soils during 
the different seasons of the vear ? 

2 Previous Work 

Hiltner and Stormer (1903) found little differences between bacterial 
numbers in summer and winter Remy (1902) and Wojtkiewu* (1914) 
have reported highest numbers of bacteria in spring Given and Willis 
(1912), on the other hand, found highest numbers in September Brown 
and Halverson (1919) found two maxima in February and in June Wilson 
(1930) working on variations in Rhtzobtum sp , found a drop as winter 
advanced In spring the numbers increased till June He found two 
maxima in October and June and one minimum m January Snow (1920-36) 
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found while studying the micro-organisms of wind-blown soils, two maxima 
in January and July and one minimum in February Cutler, Crump and 
Sandon (1922) have reported one maximum in November, a minimum in 
February and a second maximum at the end of June Their curves did 
not correlate with seasonal changes in sod temperature and moisture. 
I,6hnis and Sabaschnikoff (1912), Mtints and Gaudechon (1912), Wojtklewicz 
(1914), Russell and Appleyard (1917), Lemmermann and Wickers (1920) 
have all reported greater stimulation of chemical processes in the soil either 
in spring or autumn or both 

As regards the relation of bacterial numbers with physical factors 
Waksmann (1916 & 1932), Dixon (1928), Thornton and Gray (1930), Newton 
(1930) found no correlations with either the soil moisture or temperature 
Conn (1910), Russell (1913), Harder (1916), Doekhead (1923), Mary-Jo-Cobb 
(1932) have, however, pointed out that bacterial numbers and soil moisture 
are closet v related to each other 

3 Experimental Work and Technique 
Two plots were selected in the Government College Botanical Gardens 
for experimental work One of these plots was manured with farmyard 
manure for a number of years and was thus named as manured plot In 
the other plot no manure was put and was called as an itnmanured 
plot This prepared us to see seasonal changes m both the kinds of soils 
The methods used for sampling, suspension, disintegration, dilution, plating, 
incubation and enumeration, etc, are those suggested in appendix, 
Russell (19321 

4 Results 


Date 

Plot 

Moisture 

Average Colony 1 
count of five | 

Standard 



plates | 

error 

14th December 1935 . 

Manured 

17 • 88 

85 8 

±2-9 


Unmanurod 

1500 

51-0 

-t 1-58 

25th December 1935 

Manured 

20 48 

61 8 

± 2-80 

Unmanured 

18-00 

29-6 

± 2-37 

11th January 1936 

Manured 

18-56 

87-2 

± 4 15 

Unmanurod 

16-38 

74 0 

± 3-60 

25th January 1936 

Manured 

18-10 

61 -6 

± 2-86 

nnmtpnfflH 

15 66 

29-2 

±2-00 
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Results —(Corxtd ) 


Date 

Plot 

Moisture 

Average Colony 
count of five 

Standard 


% 

plates 


8th February 1936 

Manured 

21 96 

82-4 

± 2-84 

Unmanured 

21-548 

CO -6 

+ 2 46 

23rd Fobruary 1936 

Manured 

19 46 

64 2 

t 5 00 

Unmanured 

18 12 

04-4 

i 4-30 

7 th March 1936 

Manured 

10 68 

58-2 

J 2 00 


Unmanured 

16 80 

44 2 

X 3 30 

21 at March 1936 

Manured 

21 28 

85 1 

± 4 00 


Unmanurod 

20 50 

95 2 

± 5 70 

Oth April 1936 

Manured 

23 04 

127 0 

1 8 00 

Unmanured 

21 14 

111 0 

± 7 01 

18th April 1936 

Manured 

15 80 

126 8 

± 5-10 

Unmanurod 

15 38 

94 75 

± 3 SO 

4th May 1936 

Manured 

18 92 

222 20 

J; 12 70 

Unmanured 

16 04 

199 40 

X 5 00 

5th May 1936 

Manured 

13 81 

198 20 

± 7 00 

Unmanured 

12 64 

159 00 

± 4 10 

30th May 1936 

Manured 

8 20 

151 40 

X 4 90 

Unmanured 

5 00 

117 -00 

± 5 60 

15th j|no 1936 

Manured 

10-52 

133 80 

± 2-40 

Unmanured 

15 *06 

128-00 

X 3 50 

27th June 1936 

Manured 

17 -40 

153-80 

X 4 50 


Unmanured 

14-16 

134 60 

± 7 00 

11th July 1936 

Manured 

19-52 

119 20 

±69 

Unmanurod 

17 -12 

102 00 

±03 

26th July 1936 

Manured 

13-24 

104 20 

±03 

Unmanured 

11-16 

96 20 

±82 

8th August 1936 . 

Manured 

10 32 

69-40 

± 2-7 

Unmanured 

8-40 

58 00 

± 4-1 

26th August 1936 .. 

Manured 

22 90 

93 60 

±2-5 

Unmanured 

17-76 

71-80 

±42 
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Results —(Contd ) 


Date 

Plot 

Moisture 

% 

Average Colony 
count of five 
plates 

Standard 

error 

6th September 1936 

Manured 

16 60 

81 20 

± 3-2 

Unmannred 

14 60 

72-60 

± 2-9 

19th September 1936 

Manured 

17 64 

108 80 

± 5-4 

Unmannred 

16 62 

82-50 

± 3-0 

3rd October 1936 

Manured 

18-80 

115 -00 

± 7-3 


Unmanured 

17 -54 

160 -06 

A 4 1 

17th October 1936 

Manured 

17 36 

216 -00 

.till 

Unmanured 

16 -82 

166-30 

•fe 4-3 

1st November 1936 

Manured 

22 24 

87 60 

± 4-36 


Unmanured 

20-20 

97 -00 

± 6-50 

14th November 1936 

Manured 

22 72 

79-80 

± 2-70 

Unmannred 

19 04 

83-30 

± 2-10 

28th November 1930 

Manured 

16 20 

116 00 

± 2-17 


Unmanured 

16 80 

102-30 

± 4-60 


5 Discusuon 


It has been pointed out that the main object of this work was to see 
the effect of various seasons and other physical factors upon the bacterial 
numbers in our field soils It is desitable that they should be discussed 
separately since these factors play such an important part and their inten¬ 
sities are so very well marked 

Seasonal effect—The graph. Fig 1, of the bacterial numbers of the 
manured and unmanured soils, show that there are two maxima, one some¬ 
times in October and the other towards the end of April or beginning of 
May, and there are two minima in the end of January and in the first week 
of August Our results have lienee shown that there is a marked periodicity 
of the bacterial population in the soil—a rise of numbers m spring and 
autumn, and a distinct fall in summer and winter These results are in 
general concordance with those of Russell and Appleyard (1917), Brown 
and Halverson (1919), Cutler and his associates (1922), Wilson (1930) and 
others, while on the other hand, Hiltner and Stdrme^ (1903) found Httle 
differences between bacterial numbers in summer and winter It may 
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further be pointed out that onr maxima and minima occur at different times 
of the year and this one might have been exacted since our conditions are 
different from those of all the other workers 

Influence of soil moisture —When curves. Fig 1, for average moisture 
contents and average numbers are compared in greater detail, it becomes 
nnjwssible to draw any generalization Thus in winter the numbers have 
been low but the moisture contents were fairly high, while in summer the 
moisture had naturally decreased and there was as well a decrease in 
numbers, but there does not scan to be an apparent correlation since the 
two decreases are not simultaneous or nearly so In the beginning of June, 
for example, the moisture contents are at its minimum but the numbers 
are fairly high and the reverse is the case towards the middle of August- 
numbers very low but moisture contents fairly high In general it can be 
stated that there is no definite relation of the bacterial numbers with the 
moisture present in the sod Our results hence accord with the results of 
Remy (1902) and Wojtkiewicz (1914), Given and Willis (1911-12), Waksmann 
(1916), Brown and Halverson (1919), Cutler, Crump and Sandon (1922), 
Thornton and Gray (1930), Newton (1930) 

Ililtner and Stormer (1903), Conn (1910), Russell (1913), Harder (1916), 
Ivockhead (1924), hive found a correlation of the numbers with the moisture 
contents 

Influence of rainfall —It has been suggested by Russell and some other 
workers, that a heavy shower of ram by increasing the aeration of the soil 
imputation may have beneficial effects upon the micro-organisms In our 
case, however, rainfall cannot be said to have marked effect, on the changes 
in numbers since they occurred even when there was no rainfall Thus the 
greater part of autumn and spring rise in numbers occurred when no rain 
fell for a considerable time preceding these months 

Influence of temperature —That the temperature has effect on the bacte¬ 
rial numbers is apparent from the graph, Fig 1 With the rise of tempera¬ 
ture from winter months the bacterial numbers also show a corresponding 
rise which seem to continue with certain optimum temperature limits 
Then with persistent high temperature the numbers show a decrease Again 
with the lowering of the temperature and probably with the partial removal 
of the bad effects of high temperature to the bacterial numbers, there is 
a tendency of recovery It may be stated, however, that the effect of 
temperature on the bacterial population is accumulative in nature A per¬ 
sistent low temjieratiire decreases the numbers as m winter, then a rise in 
temperature has a wholesome effect as m spring A continuous high 
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temperature has a tendency of keeping the numbers down as in summer, 
and lastly the numbers again nse up with slight lowering of the temperature 
as in autumn. 

Hiltner and Stormer (1903), Cutler, Crump and Sandon (1922), Dixon 
(1928) did not find anv correlation between the bacterial numbers and the 
temperature, but the finding of Given and Willis (1911-12), Brown and 
Halverson (1919) definitely support this 

Influence of chemical changes tn the soil —No special chemicals were 
tried but from the two kinds of plots it is definite tint one which contained 
more organic matter lias more organisms both m numbers and types 

In the end it may be pointed out that the maximum bacterial activity 
in our parts is manifested from the middle of April to the middle ot May 
m spring, and from the middle of September to the middle of October in 
autumn One may as well reasonably assume that the availability of other 
plant nutrients such as nitrates, ammonium-salts, potassium, phosphates, 
etc , may also be at their maximum somewhere in the months noted above 
On reviewing the crop sowiug operations in the Punjab, it is noted that 
wheat is grown sometimes m October and is harvested in April or May 
Sowing of cotton is done m May or so along with some other leguminous 
crops, and harvesting is effected in September or October These are the 
two most imjwrtant crops in the Punjab, of course, so mauy other types 
of crops are grown as well—sugarcane, vegetables, etc From the above- 
farm operations it is quite apparent that the months of maximum activity — 
April-May and September-October—are not utilised as they should be, in 
the process of the growth of crops During the above-noted months of 
great biological activity, the fields are almost without any crops, and it may 
be suggested that farm operations mav be regulated m suc.li a way that the 
high available plant food materials in spring and autumn m the above- 
noted months should be utilised by the growing crops in some form or 
another. 

Qualitative —A few words may be said about the floristic character¬ 
istics with regard to the soil bacteria No attempt was made to make 
a detailed study of the different types of bacteria occurring in our soils 
But during the course of the work attention was kept on a spreading type 
of a Bacterium, since tins form very easily overran some of the plates It 
was noticed that this form was hardlv visible on the plates in winter months 
but with the rise in temperature in March and April it could very easily be 
seen. Again in very hot summer months no trace of the type could be 
found and it again became apparent in the beginning of autumn months. 
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It is quite probable that this spreading type may have some relation with 
temperature or with some other external factors, and it » not unlikely 
that some other less conspicuous forms in the soil may be appearing and 
disappearing with different seasons of the year 

6 Summary and Conclusions 

I. In this paper the seasonal variations for bacterial numbers have 
lieen described in manured and unmanured field soils in the Punjab 

II Two maxima in the middle of October and beginning of May, and 
two minima in the end of January and m the first week of August were 
obtained 

III The variations of bacterial numbers in the soil cannot be explained 
as entirely to t>e due to any of the physical factors individually, but way 
be the result of the accumulative effect of all the factors of which the tempe¬ 
rature seems to be the most important 

IV It mav be stated that in our soils the number of bacteria as 
occurring on the plate method is higher than those reported by the European 
and American workers 

V Different types of bacteria seem to be appearing and disappearing 
at different seasons of the year as indicated by a spreading type of Bacterium, 
but an exclusive study of this problem is desired before any definite state¬ 
ment could be made 

The author wishes to express his thanks to Mr H Cliand who helped 
during the course of the work in doing plating sometimes 
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I Introduction 

It is well known that temperature as an environmental factor has a marked 
influence on the various life processes of a plant, f c , respiration, transpira¬ 
tion, root absorption, etc According to Vant Hoff’s rule (1896) " The 
rate of chemical reaction doubles for a rise in temperature of 10° C Its 
effect on economic crops is particularly a matter for instructive and useful 
Study in the Punjab, where the air temperature rises sometimes to 118°F. 
in summer and falls below zero in winter American cotton, to which the 
investigation reported in the paper relates, is cultivated almost exclusively 
in the canal colonies, where the plant has to adapt itself to extremes as 
well as to fluctuations of temperature and humidity during its growing 
period. Which extends from April to December The measurement of tem¬ 
perature of the cotton plant was undertaken to ascertain the extent to 
Width the plant adjusts itself to atmospheric heat under such trying 

1J1 
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circumstances There have been successes and failures of American cottons 
in this Province and it seems likely that unfavourable years were chiefly 
the results of adverse climate conditions and some soil factors particularly 
moisture contents 

References to earlier work on plant temperatures as far as the writers 
have been able to obtain are the following — 

Clum (1926) while taking the temperature of leaves of Fuchsia spcctosa, 
Phasevlus vulgarts, Brasstca oleracea and Synnga vulgarts observed that, in 
gneral, plants in dry soil, and vaselmed leaves were 2° to 4° C warmer than 
the controls Balls (1912) working on cotton leaves in Egypt reports that 
the temperature of old leaves rarely fell below air temperature, but frequently 
rose above the air temperature by 3° C to 10® C Eaton and Belden (1929) 
in U S A report that the leaf temperature of cotton plants are correlated 
with transpiration, vanetal differences and yields The yields of the upland 
varieties were distinctly higher in 1923 than in the hotter vears 1922 and 
1924 » Miller and Saunders (1923) while studying the temperature-transpi¬ 
ration relation of tile leaves of corn, sorghum, cowpcas, soybeans and water¬ 
melons growing under field conditions, found that the temperature of leaves 
never remained constant They also found that the temperature of the 
wilted leaves of corn, sorghum, etc , remained 1 -815°, 1 *85®, 2 >8® and 4 -SB® C 
higher than the temperature of turgid leaves Ezekiel and Taubenhatis 
(1932) found that the leaves of cotton plants, wilted from Phymatotnchum 
root-rot were as much as 6 -5° I' wanner than the air Seeley (1917) in 
Michigan found the temperature of strawberry leaves on clear days to be 
8 4° C above air temperature Trought (1931) states “ The temperature of 
the leaves follows closely the temperature of the surrounding air For cotton, 
unpublished hgures obtained by R S Jai Chand Euthra confirm this fact " 

II Method of work and apparatus employed 
Determinations of temperature have been made on 4F cotton plant— 
a Punjab acclimatised upland American cotton (G htrsulum) The work 
was started in 1928 and has been in progress since then For this purpose, 
leaves of the same size, and of comparable age 30-35 days old and those 
hanging at right angles to sun on the secondary branches and at the height 
of about 2 feet were always selected on a single plant Temperatures 
of the upper and lower surfaces of the leaf and the internal tissue of the 
midrib and the petiole were measured. As the temperature 6f the leaf was 
found to fluctuate rapidly, six determinations were taken eafch on a different 
leaf and the average value was recorded, The standard error for these 
sets of six figures ranged from •! to -6 and is statistically sound. 
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Variations of temperature are associated with a number of factors 
The following are some of the factors studied — 

(A) The surrounding air 

(B) Soil moisture 

(C) Moisture content of leaves 

(D) Age of leaves 

(E) Wilting of leaves 

Apparatus—The apparatus (Fig 0) used for the determination ot 
temperature was devised on the principle of thermo elettrieit\ by modifi¬ 
cation of the one used by some American workers It consists of two thermo- 
junctions, a galvanometer and a spring kev The thermo-junctions were 



Fic 0. a Galvanometer, b Levelling Tripod aland, c T.icrmos lUik, d Key, 
t Constantin wire, / Copper wire, g Free junction 

constructed by soldering the ends of a constantan wire No 32 to one end of 
each of two copper wires No 36. The absorption coefficient of the wires 
was nil The free end of one copper wire was connected with a key and that 
of the other to a galvanometer, thus forming a complete circuit The wires 
were insulated One of the tliermo-junctions was inserted into the neck 
of a stoppered Dewar’s flask along with a thermometer Hot water was 
put into the flask in winter and cold water in summer The bulb of the 
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thermometer was dipped into the water The Dewar's flask was placed in 
a box filled with sawdust The temperature of the water in the Dewar’s flask 
was constant The second thermo-jnnction was held in a clamp in such a 
way that it would be conveniently placed upon the leaf surface. The clamp 
consisted of a pair of brass tongs to the ends of which pieces of cork were 
glued For determining the temperature of the inner tissue the free thermo- 
junction was inserted into the petiole or midrib The temperature of the 
atmosphere was tak^j by holding the free junction in the air and placing it 
in a position where air played freely on it at a height of 2 feet from ground 
level Necessary precautions were taken to screen the thermo-junctions 
from direct sun rays A pivot galvanometer No L 27156 manufactured by 
the Cambridge Instrument Company, htd , England, sensitive enough to 
indicate at least 0 0025 micro-amperes was placed in a circuit along with a 
spring key Since the tcmjierature of the thcrmo-junction in Dewar's 
flask was known and constant, the difference in temperatures between the 
two junctions could be shown by a swing of the indicator of the galvanometer. 
The galvanometer was placed on a levelling tnpod, which could 
be adjusted to get a level surface for the galvanometer The whole apparatus 
was kept in a cabinet to protect it from the sun (Plate XIII) 

111 (A) Relationship between the leaf temperature and 

the surrounding atr 

Work was started in 1928 and has been continued upto 1934 The 
data of 1931 are reported herein The work was repeated during the years 
1932, 1933 and 1934, and the results obtained when compared with the 
data of 1931 showed minor differences, which are accounted for by differ¬ 
ences in relative humidity, soil moisture and variation in leaf moisture 
content resulting from different amounts of rain received during the growth 
period of the plant However, the general trend of results is the same and 
there is a corroboration of the results of 1931 Seed of a pure strain of 
4F cotton was sown in May each year in a typical field of the botanical 
area at Lyallpur Representative plants of the crop were marked for tempe¬ 
rature determinations For the first three years and for June and July of 
1931 leaf temperatures were taken thnee daily at 7 a m , 1 p m and 7 pm 
respectively, The data collected during three years’ work was studied and 
it was considered that three observations during the day at an interval of 
six hours did not furnish sufficient data to study fully the range of varia¬ 
bility of leaf temperatures from that of the air. Consequently from August 
1931 onwards the work was extended and determinations were made every 
two hours throughout day and night during August and September and for 
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the-day only during October and November The results obtained during 
different months are as follows — 

June and July 1931 —Leaf temperatures were taken thrice daily and 
the results obtained are given in Table I In the morning and evening 
plants show air temperature During the middle of the day the temperature 
of the plant is lower by about two degrees and the variability is found to be 
greater than at the other hour- 

Table I 


Monthly mean departure < of leaf temperatures (columns i 6) from 
air temperatures (column 3) during June and July 1931 



Note —It is realized that full information can only be got from dailv 
variations, but as it is not feasible to record such cumbersome data, monthl> 
means are given To supplement this information, data of highest and 
lowest departure are also noted in the remarks column where necessary 

July 1932 —In July 1932 readings were taken every three hours during 
the day, and the data are given in Table II, Fig 1 It will be seen that 
leaves have almost the same temperature ns the air at 6 am, but then 
they gradually begin to be warmer and at 9am there is a rise of about 
1® to 2 '5° C above the air temperature Afterwards there is a slow fall and 
the leaves remain cooler than the air by about 3° to 4° C till evening, when 
they again acquire the temperature of the air 
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Fio 1 Monthly mean departures of leaf temperatures o( irrigated 4I f Cotton Plants 
from air during July at different periods of the day. 


TABI.E II 


Monthly mean departures of leaf temperatures (columns 3-5) 
from an (column 2) during July 1932 (Irrigated crop) 

" Bud formation " Stage 


Time | 

Air tempom 

dogrwflfl ^ 

2 

r 

1 Upper 
mirfeoe 

3 

j surface 

L* 

Inner tissue 

j Petiole 

| Midrib 


29 t 

- 2 


+ 1 1 

- 2 

9< M 

3.1 » 

+ 2 2 

+ 1 3 

1- <<l 

(* 4 

12 Noon 

:w e 

- 9 

- 1 2 

- rQ 

- 1 3 

3rs 

40-8 

-3 9 

- 4 3 

-4.6 

-4*8 

5>« 

382 

- 1 9 

- 2 9 

-3 0 

— 3 1 

7,m 

31 1 

- 1 

~ - i 

- .6 

- .6 
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II 

Comparison of mean departures of leaf temperatures 
from air on July IB th, 1932 


“ Irrigated crip " 



graphically represented in Fig 1(«) For convenience and brevity, cotton 
temperatures represented in the tables and figures are given as departures 
from the air temperature which is shown as a straight line in the figures 
and is taken as zero It is found that the temperature of the leaves is 
never constant and keeps on fluctuating with that of the air In the 
morning at 6 a m the leaf temperature almost coincides with the air The 
lower surface and the inside of the nndrib are, however, cooler by about 
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1° C Afterwards it begins to rise gradually and at 8 A K it is about 5° to 
fi° C above the air in the case of upper and lower surfaces aud 3 s to i° C 



Fio, 1 (u) Monthly mean departure* of leaf temperature* of irrigated 4 F Cotton Plant* 
from air during August at different period* of the day 


Tabus III 

Monthly mean departures of leaf temperatures (columns 3 -0) 
from atr (column 2) during August 1931 (Irrigated crop) 

“ Bud formation—Stray flowers " Stage 
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Tabus III 


Comparison of mean departures of leaf temperatures 
from air on August 4, 1931 
" Irrigated crop " 



ing fall of temperature is observable and at 10 a m leaves acquire the air 
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temperature except the upper surface which is a little warmer From 
12 noon to 8 p m the leaves remain cooler by about 2 to 3 degrees than the 
air Late in the evening the temperature of leaves begins to rise and 
corresponds with the air temperature Throughout the night there was 
practically no difference between the air temperature and the temperature 
of the leaves At midnight a slight rise above the air temperature had 
occurred in the case of upper surface 

September 1931 —During this month as given in Table IV and Fig 2 
the leaf temperatures are more or less similar to those of August except 
that the maximum temperature is attained at 10 a m instead of 8 a m in 
August The leaves have air temperature in the morning nt 6am There 
is a slow rise till 10am , when the leaf temperature is about 3 degrees 
Tabi.R IV 

Monthly mean departures of leaf temperatures (columns 3-5) 
from air (column 2) during September 1931 (Irrigated crop) 

“ Maximum fowertng " Stage 



4ir tom- 

Upj*^ 

1 

Innc 

r ,IMUe 



| .urftoc 

| P.tlnl« 

Midrib 



3 

* 

8 

6am 

21 0 

+ 07 

+ 21 

- 10 

- 03 

8am 

27 59 

f 2 07 

M 20 

4 1 30 

| 4 78 

10 A M 

33 84 

1 a r.7 

b 3 04 

+ 1 90 

4 1 25 

12 Noon 

37 09 

+ 2 37 

4 1 «6 

-f 1 79 

H 60 

2 r m 

38 60 

-1 27 

- 1 59 

- 20 

-1 54 

4pm 

37 0 

- 1 .» 

- 1 37 

- 70 

- 1 27 

(Ipm 

20 40 

- 48 

- 71 

08 

- 98 

8pm 

27 7 

- 22 

S 45 

+ 93 

I- 60 

10 PM 

20 78 

+ 87 

4 55 

4 1 73 

4 1 51 

12 Mkl 

night 

25.48 

4 04 

4 W 

+ 1 00 

4 1 S3 

2am 

23 84 

4 37 

- 23 

+ 07 

4 85 

4am 

23 98 

+ 40 

- 45 

+ 30 

4 -49 

Oam 

24.10 

- .83 

- 99 


+ •!« 
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Tabu IV 

Comparison of mean departures of leaf temperatures 
from air on September 11, 1931 
" Irrigated crop " 



i 

Mean 

Mean 

Mean 

Inne 




Teraporature 
of air in *C j 


T TOJT 

Mean 


Remarks 

tlon 

i 

Surface in «C. 

Surfnoe in V 

of Pbtiolo 

of VJfilrib 


n k w 

M B± SI 

25 4± 2 5 

2ft 6 ± 37 

25 0 i 29 

25 1 * 31 

Lravca 









from air 
temperature 

Insignificant. 

Insignificant 

Insignificant 

Insignificant 

tempera 



31 8± 19 

30 0± 14 

TO 8 i 09 

30 2 i U1 





M C± 20 

! 1 8+ 14 


ilefinlnly 


temperature 

Significant 

Significant 

Significant 

Significant 

Hum airliy 

10 4 K 


39 4 t 43 

3ft B-t 61 

37 9i 29 

37 2 i. 20 

to 4* C 




+2 8 t 39 


but the 



Significant 

Significant 

Significant 

Significant 

acquires 
«ir U mpo 

12 Noon j 

39 2± 31 

42 0 I 46 

40 9 k 21 


40 li 30 

ralure at 

12 Noon 

Difference 

tempo rature 

1 2 8± ftft 
Significant 

M.7i 37 
Significant 

■f 1 8+ 34 
Significant 

+ 4* 

Insignificant 

2ru 

40 Oi 53 

37 1± 27 

36 ft -t -57 

38 0± 10 

37 8i 20 

leaves 


Difference 

-2 0± 00 

-3 #± 87 

- 2 0 ± 02 




from air 
temperature 

Significant 

Significant 

Significant 

Significant 

than air 

It. the 
afternoon 

4 p W 

3S 0± 36 

33 4± 16 

S3 0 t 12 

34 5* 09 

34 0* 10 



Difference 

-2 2± 38 

-2.8± 36 

-l l±-TU 

- 1 6 -t TO 

VC to 


temperature 

Significant 

Significant 

Significant 

Significant 

3 0 

Opji 

31 2 t 42 

30 4 ± 36 

32 2 ± 27 

30 5± 29 

30 l± 38 



Difference 

- 8± 65 

-lOi 48 

- 7-t GO 




temperature 

Toaigoifioaut 

Insignificant 

Insignificant 

Insignificant 

tempera 

S r M. 

28 9 -t 2ft 

28.0± 12 

29*4 ± 10 

29 3± 13 

29 3 ± 11 

the even 


Difference 

tompereture 

+ 7± 27 
Inajgnffioant 

ltd *# 2 \ 

+ 0* 28 
Insignificant 

{- 4 * 27 
Insignificant 



higher than the air temperature Afterwards, there is a steady fall and the 
leaves are cooler than the air upto 4pm by about 1 to 1-5 degree* It 
rises again and during night, the leaves remain slightlv warmer than the 
air especially the inner tissue At dawn the temperature of the leaves 
begins to be equal to that of the air temperature 
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October 1931 —It was observed that during the whole of October, the 
leaves did not behave uniformly with regard to adjustment with the air 
temjierature Therefore the data obtained for the month is examined in 
two portions During the first fortnight, the variation of the leaf tem¬ 
perature is nearly the same as in August and September At 6 a m there is 
a difference of about 1° C from the air temperature (Table V and Fig 3) 
Tabuj V 

Monthly mean departures of leaf temperatures (columns 3-5) from 
air (column 2) during October 1931 (Is/ half) (Irrigated crop) 

“ Boll Development—Stray boll picking “ Stage _ 



Air ten, 




Time 

degrees 0 



I 

Midrib 

i 

4 


< 

5 


23 94 

+> 91 

+■ t n 

+ 96 

+ 1 06 

8 AH 

SO 20 

+ 4 7 

H 4 * 

+ 2 4 

+ 3.0 

10 A M 

S3 06 

+ S 20 

+ 3 78 

+ 2 96 

+ 2 31 

12 Noon 

36 8 

+ * * 

1 3 « 

+ 2 66 

h 3 0 

trn. 

37 4 

+ 1 2 

f 1 21 

- 15 

- .0® 

4 pm 

32 0 

+ 0 

- 4 

- 34 

- 64 

8PM 

27-4 

+ ■» 

- .*1 

- 42 

+ »1 

9 PM. 

22 S 

+ -67 

+ -21 

+ .« 

+ •» 
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1'ABI.K V 

Comparison of mean departures of leaf temperatures 
from air on October 8, 1931 
“ Irrigated crop " 



6 and 8 P.U In October, night reading* were abandoned on account of cold. 
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October 19*41 (2nd hilf) —The most striking feature of the behaviour of 
leaves in this part of the month as shown in Table VI. I ? ig 4. is that at no 
time the temperature of leaves fell below the air temperature At 7 A M 
the upper surface and lower surface start with almost air temperature, but 
the temperature of petiole and midrib is higher by 1° C The departure 
Tabi.f, VI 

Monthly mean departures of leaf temperatures (columns 3-5) from 
acr (column 2) during October 1931 (2nd half) (Irrigated crop) 

" Stray boll picking " Stage 
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Table VI 


Comparison of mean departures of leaf temperatures 
from air on October 23, 1931 
” Irrigated crop " 



from the air temperature m the case of upper and lower surfaces goes on 
increasing till 3 p m when it stands at +7 39° and +<3 80° C respectively 
After Spii a fall sets m and at 7PM the temperature approaches that of 
the air The temperature of petiole and tnidnb increased upto 9 am and 
then fell to that of the air at 1pm It rose again at 3 pm At 7 p m it 
was about 1° C above the air temperature. 
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1 10 4 Monthly me»n departure* of leaf temperature* of irrigated 4F Cotton Plant* 
from air during October (It part) at different period* of the day, 

November 1931 —As represented in Table VII, Fig 5, the data indicate 
that the leaves m the morning at 7 am have the same temperature as the 
Tabus VII 


Monthly mean departures of leaf temperatures (columns 3-6) from 
air (column 2) during November 1931 (Irrigated crop) 

“ Peak of boll picking " Stage 



Air in 



Inner Uni 


d»sro« 

aurface 

PetkUo | 

Midrib 

1 

2 

3 


8 

1am 

so 

+ v 

+ a 

+ -0 

+ -1 
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18 43 

-t 4 37 

M n 

+ 1 SO 

+ 2-01 

n * x 

28 04 

f 3*75 

+ 3-62 

+ 1*38 

+ MS 

1 r m 

28 73 

+ 8.22 

+ 4 63 

+ 1.94 

+ 1.77 

3m 

28'SI 

+ 2 88 

t-2-88 

+ 1-9 

+ 1 01 

5 r M 

is se 

+ 3.43 

+ *•80 

+ »•» 

+ *•** 

7r.x 

13 84 

+ 1-70 

+ 1*39 

+ .74 

+ .» 
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Tabi.e VII 


Comparison of mean departures of leaf temperatures 
from air on November 10, 1931 



air After sunrise at 7-30 am the temperature of leaves begins to nse 
rapidly, The temperatures of upper and lower surfaces continue to rise till 
1 p.ic, afterwards it fatlB slowly At 7 p m they are warmer than the air 
by about 1 8° C. The temperature of the inner tissue remains almost 
constant after 9 A tt but at 7 p M. they show negligible difference from the 
air temperature. 

B2 * 
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l f ic 5 Monthly mrin departures of leaf temperatures of Irrigated 4F Cotton Plants 
from air during November at different periods of the day 

IV (R) Leaf temperatures and sotl metsture 
It has been observed that the amount of water available in the soil has 
a marked influence on the temperature of leaves To study the effect of 
moisture content, tempearture determinations were made on leaves of 4P 
cotton crop grown m a field which received no irrigation after sowing But 
as some rains fell in July and August the crop was as good as the irrigated 
one 

Sometimes in September, however, the unirrigated crop showed signs of 
wilting Determinations of the moisture contents of the soil in the irri¬ 
gated and umrngated plots were made from time to time and are given in 
Table VIII which shows that, as compared with the irrigated crop, the 
unirrigated crop was deficient in soil moisture 
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Tablk VIII 


Percentage of soil moisture at various depths of irrigated and 
umrrigated fields during different months 



Temperature of Umrngated Colton 

September 1931 —The temperature of leaves was measured after every 
two hours The data obtained arc given in Table IX and Fig G It wdl 
be seen that in the morning at 6 A m leaves show air temperature. The 
temperature of leaves afterwards begins to rise till the maximum value is 
recorded at 2 pm when leaves show a departure of about +4° C and inner 
tissue of +2° C to +3° C from the air temperature Afterwards the leaf 
temperature continues to fall but still remains higher than that of the air 
till 6 P M when the temperature of the leaves and the air are the same 
This condition is maintained up to daybreak The inner tissue, however, 
shows a spasmodic rise and fall tliroughout the night. It is noteworthy 
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that leaves ot the irrigated crop on the other hand have a lower temperature 
than the air from 12 to 6 r m by about -2° C to -3° C (Table I, Fig 1) 

Tabie IX 

Monthly mean departures of leaf temperatures (columns 3-5) from 
atr (column 2) during September 1931 (Umrrtgated crop) 


“ Maximum flowering ” Stage 
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Tabus IX 

Comparison of mean departures of leaf temperatures 
from atr on September 11, 1931 

" Unnngateil crop " 
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October 19.11 (Is* half) —At 6 am the temperature of the plants is 
slightly lower than air temperatures (Table X. Fig 8) After 6 am there 
is a rapid rise of temperature m all parts of the leaves and the maxima is 
reached at 10 a m At this time, upper surface, lower surface, petiole ami the 
Taulf X 

Monthly mean departure a of leaf temper itures (columns 3-5) from 
air (column 1) during October 1‘tll (lsf half) (Umrrigated crop) 

“ Stray boll picking " Stage __ 
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Table X 

Comparison of mean departures of leaf temperatures 
from air on October 8, 1931 
" Unirrigated irop ” 



0 p.M , when the plants acquire air temperature The inner tissue shows a 
slight rise of temperature again at iPM At 8 p m again the plants show 
higher temperature than the air by about 1° C 
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October 1931 (2nd half) and November 1931 —'The data obtained is 
compiled in Tables XI and XII and Figs 8 and 9 respectively The 
Tabi.e XI 


Monthly mean departures of leaf temperatures (columns 3-5) from 
air (column 2) during October 1931 (2nd half) (Unirngaled crop) 


“ Stray boll picking ” Stage 
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Table XI 


Comparison of mean departures of leaf temperatures 
from atr on October 23, 1931 



leaves show air temperature at 7 a m except the inner tissue during October 
2nd half after which there is a rapid rise till maximum is reached at 9 A M 
J/rom this time onwards temperature of the plant rises and falls till 7 pm, 
when the plants are warmer than the air by about 1°C to 2°C , but the inner 
tissue during November becomes cooler at 5 p.m. and remains so till 7 p.m 



8. Monthly mean departures of leaf temperatures of uiurrigatcd 4F Cotton P 
from air during October (II part) at different periods of the day, 

Table XII 

Monthly mean departures of leaf temperatures (columns 3 r>) /rot 
air [column 2) during Novemher 19 51 (Unirrtgaled imp) 

“ Peak of boll ptcktng " Stage 
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Tabus XII 

Comparison of mean departures of leaf temperatures from air on 
Novembtr 1 j during 1931 “ Umrngaled crop" 
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Fin. 9 Monthly mean departures of leaf temperatures of unlrrlgated 4F Cotton Plants 
from air during November at different periods of the day. 

V. (C) Moisture content of the leaves durtng 
growth period of the plant 

The amount of water present tn cotton leaves was determined after an 
interval of two hours from 6 am to 8 p m once a week during the montlis 
of August-Noveraber The leaves were dried to a constant weight in an 
electric oven Average results obtained for the irrigated and umrrigated 
crop are given in Table XIII and Figs 10 and 11 

Reference to these tables and figures shows how the amount of mois¬ 
ture in the leaves of irrigated crop varies in the course of a day In August, 
the leaves have 82 per cent moisture in the morning Then it begins to 
decrease with the advance of the day till at 2 r m the leaves are left with 
only 61 per cent of moisture After 2 P.u moisture content of the leaves 
again begins to increase At 8 p m it goes upto 73 per cent In September, 
the percentages of moisture in leaves is reduced by about 5 per cent as 
compared with August Correspondingly the extent of variability is affected 
Similarly in October and November there is a marked fall in the percentage 
of moisture in the leaves and degree of variability With regard to the 
ummgated crop the leaves during the course of the day and during different 
months from September to November always showed about 5 to 10 per cent 
less moisture (Table XIII, Fig II) 

Variability of moisture was also significantly less The leaves got wilted 
daily after 10 a m and remained so till 4 pm It may be pointed out that 
the rate of transpiration of leaves vanes considerably m different months 
and under different conditions of soil moisture 
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VI (D) Temperature and age of leaves 

Usually plants, behave like cold-blooded animals whose temperature 
varies with the medium in which they live This, however, is true within 
certain limits The temperature regulatory power of the leaves diminishes 
with age as is indicated by Table XIV 
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TABtB XIV. 

Mean temperature departures, of old and young leaves from atr temperature 
at di fferent periods of the day durtng September and October 1931 


Average of 50 determinations 



50 determinations were made on the temperature of young and old 
leaves at different periods of the day The results obtained show that the 
leaves when young are able to adjust themselves readily with the air 
temperature as it fluctuates In the afternoon when air temperature rises, 
temperature of voting leaves never rises above the air, but on the other 
hand old leaves get warmed up and show a higher temperature Perhaps, 
this is due to the fact that the young leaves have greater moisture content 
and are thus better able to conduct energy The old leaves have been found 
to contain less moisture, and consequently remain wanner than the air 

In the morning and evening mean temperature differences of the old 
and young leaves are statistically insignificant but at 1 p u the old leaves 
are warmer as compared with young leaves by about 2 -(^C. and the difference 
is highly significant 

VII (£) Temperature of united leaves 
In this connection measurements of temperature were made at 1 pm. 
in September and October 1930 The data given in Table XV show 
that their temperature was 3 s to 4° C higher than that of the air. In some 
cases the difference was found to be as high as 10® C. 
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Table XV 

Mean temperature departures of normal and willed leaves at ] P M 
during September and October 1930 


Average of 51 determinations 


Nature o i 
lea voa 

l*rature in 
degrees P 

Upper 

.wUc r e 

Petiole | 

Midrib 

I 

* 

3 


1 * 

Normal 

Wilted 

31 0 

1 1 5i 2 

+3 0 J Iti 

+ 1 l± 30 i 

1 1 0 20 

-1 1± 215 

+3 4 t W 

+ 2 01 30 

Difference (Wilted - Normid) 

f-2 25 

Significant 

+ 1 80 t 10 

Significant 

1 4 8+ 47 i 
Significant j 

1-3 2± 3fl 
Significant 


Wilted leaves show higher temperature than normal leaves and the 
mean difference is statistically found to be highly significant 


VIII Discussion of the results 

(l) The mam data are presented in Tables I to XII and Figs 1 to 9 
It will bo observed that leaves of the cotton plant behave differently regard¬ 
ing their temperature during different months In the hot months of July, 
August and September as shown in Figs 1, 1 («) and 2, there is a nsc of leaf 
temperature from 6am to 8 a m or 10 a m and afterwards a fall occurs 
The fall is evidently due to the cooling of the plant as a result of transpira¬ 
tion, which increases as the day advances, because greater solar radiation 
promotes transpiration under certain conditions During the middle of 
the day, when air temperature is at its maximum and the solar energy- 
incident on the leaves is correspondingly high, leaves of the irrigated crop 
show a lower temperature by — 2° C to — 3° C due to active transpiration 
Some preliminary experiments on the rate of transpiration ill cottons show 
that it is greater during the middle of the day than in the morning and 
evening 

In the case of the unirrigated crop, it is found that in September and 
October (1st half) Figs 6 and 7, the leaves show air temperature in the 
morning when the atmosphere is cool and transpiration is very little Bui 
as it gets hotter the leaf temperature rises above that of the air and it is 
4° C. higher between 12 noon and 3 p,m In this respect the ummgated 
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crop shows a marked difference from the irrigated crop where the plant* 
have a lower temperature than that of the air during these hours (Figs. 2 & 3) 
The explanation seems to be that on account of shortage of moisture 
m the soil and leaves in the umrngated crop, transpiration is reduced and 
sufficient cooling effect is not produced 

As the weather becomes colder, the differences of monthly mean 
departures of the two crops become less striking ' This is perhaps due to 
the fact that moisture content of the leaves of irrigated crop also is depleted 
with advance in age as shown in Table XIII and also partly because tem¬ 
perature of the soil falls (Table XVIII) and the root absorption is reduced 
This has been shown by results of unpublished experiments of the senior 
author on " Kffect of various temperatures on root-absorption in cotton ”, 
(2) Table XVI Appendix A indicates a very interesting behaviour 
of the leaves during different months In the case of umrngated crop there 
is a successive backward shift of the maxima of the mean departure in tem¬ 
peratures from September to November In September the maxima occurs 
at 2 t M while in October it is at 11 a m or 9 am, and in November it 
comes at 9 am 

Reverse is the case in the irrigated crop The shift of the maxima goes 
forward (Table XVI Appendix A), 1 1 . from 8 A m in August to 10 a u in 
September and 1st part of October It comes at 3 p M in October (2nd half). 
There is then a backward shift in November when it comes at 1 r it 

In seeking an explanation for this, it has to be borne m mind that leaf 
temperature is correlated with transpiration, which depends upon air 
humidity, leaf moisture, soil moisture and root-absorption 

In August, the average humidity (Table XIX Appendix A) during the 
day is high The transpiration, therefore, will be low and this causes a 
rise m the leaf temperature earlier But in September and October, humidity 
is lower and thus the relative transpiration is greater than w August; con¬ 
sequently the leaves attain maximum temperature later In November 
with increase in humidity accompanied by shortage of soil moisture, etc,, 
the relative transpiration decreases again and the maximum temperature 
is attained earlier by the leaves 

In the case of umrngated crop as is shown by Table XIII, Fig. 11, 
the soil moisture decreases from September to November along with leaf 
moisture. For this reason a decrease of transpiration occurs and the plants 
tend to attain the maximum temperature earlier. 

(3) Statistical studies made on the coefficient of correlationn between 
surface temperatures and temperatures of the inner tissue show that ip the 
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case of the irrigated crop there is a very high positive correlation which 
remains almost constant (Table XVII Appendix A) from August to October 
(1st half). The correlation co-efficient becomes very low during 2nd half 
of October, perhaps due to the upset of water balance in the plants on account 
of low soil temperatures (Table XVIII Appendix A) When the plants 
adjust themselves to low water supply from the roots, the coefficient of 
correlation again becomes very high in November 

The coefficient of correlation is almost constant from September to 
November in the case of the ummgated crop Probably on account of the 
adjustment of the plants to low water contents, tendency for variation is 
checked 

(4) The rise of temperature of wilted leaves above that of the air 
during September and October is probably due to shortage of moisture in 
the leaves and soil In this connection the findings of Molisch (1925) and 
others on the conversion of starch into sugars m wilting leaves may be of 
considerable significance Some preliminary work of the authors of this 
paper shows that the respiratory activity of wilted leaves is less than that 
of turgid leaves This might be due to the accumulation of sugars and 
inadequate moisture content in the wilted leaves D£h<5ram and Manquene 
(1886) os well as Iljm (1922) and Dastur (1925) have shown how greatly 
the rate of photosynthesis of leaves is affected by their water content This 
points out that the leaves of the crop which become flaccid or wilted due to 
inadequate soil moisture cannot carry on metabolic functions properly 
Moreover Iljm (1922) also investigated that leaves which have once become 
flaccid or wilted and have regained turgidity and normal appearance after 
adequate supply of water is given, do not attain their original photo¬ 
synthetic activity It follows from these experiments that if a plant gets 
inadequate supply of water It has not only higher temjieratures than the 
air, but also becomes less active for the performance of metabolic functions 
properly Nutritive processes, therefore, are liable to receive a sct-back as a 
result of shortage of soil moisture and the recovery from this disability may 
not take place to the extent of resuming normal condition This finding has 
an important bearing on the irrigation of American cottons in canal colonies 
IX Summary 

(1) The paper deals with the determination of temperatures of 4F 
American cotton plant at LyaUpur Temperature was taken by means 
of a thermo-couple apparatus 

(2) Readings were taken after every 2 hours during day and night in 
August and September and only during the day In July, October and 
November. The data are given in the form of departures from the air 
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(3) It has been shown that the temperature of the cotton plant is 
never constant It changes according to the temperature of the surrounding 
air A slight change in the temperature of the air brings about a corres* 
ponding increase or decrease in the temperature of leaves. Prom June to 
September m the morning and evening the plants show air temperature In 
the afternoon when the atmosphere is hot, plants are cooler by about 2° C. to 
3° C In October and November however, the plants usually remain warmer 
than the air and this is perhaps associated with decreasing moisture content 
of the leaves and consequent decrease of transpiration At night time, the 
plants had air temperature The temperature of the plant is not a constant 
quantity Unlike warm blooded animals which have a definite limit of 
body heat in healthy conditions, plants warm up or cool down just as the 
temperature of the surrounding air rises or falls Plant is like a cold blooded 
organism, whose temperature varies with the medium in which it lives 

(4) Soil moisture has been found to exercise a marked influence on 
the temperature of the leaves The plants of the utumgated crop, which 
were all the time suffering from shortage of soil moisture, showed a higher 
temperatures by about 4° C to 5° C during September in the afternoon 
Irrigated plants at this time were cooler bv about 2° C to 3° C 

(5) On the same plant the temperature of young leaves is found to be 
lower and that of the old leaves higher than that of the air at 1 v * , but 
in the morning and evening there is no significant difference 

(6) Wilted leaves have higher temperatures than that of healthy turgid 
leaves by 3" C to 4“ C In some cases the difference of about 10“ C was 
observed 

(7) The leaves of the umrngated crop were found to have lower 
moisture content as compared with irrigated crop The amount of 
moisture decreases with increase in age The figures of variability m 
moisture content during the day are 22, 15 and 10 in August, September 
and November respectively The leaves of the umrngated crop show less 
variation m moisture content 

(8) A positive correlation has been found between leaf surface tempera¬ 
tures and that of the inner tissue In irrigated cotton it vanes between 
-f 0 94 ± -032 and + 0 78 i 0 15 Por umrngated crop it is + 0-77 



Some Studies on Temperature of the Colton Plant tn the Punjab 167 
APPENDIX A 
Taw.® XVI 

Shift of the maxima of the mean departures of leaf temperatures from air 
during different months in 1931 

Month 

Augnet 

September 

October (let halt) 

Ootobor (2nd half) 

November 

September 

October (let half) 

Ootobor (2nd half) 

Novembor 
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Table XVII 

Coefficient of correlation between surface and inner tissue temperatures 
during different months in 1931 


Month 


Irrigated plot 


Unlrrifated plot 


September 
Ootober (let hell) 
Ootober (2nd half) 
November 


+ 94 ± .012 
+ 75 ± 1* 



Table XVIII 

Average soil temperature during different months in 1931 at 35 cm depth 


Month 

Roil temperature 
in degree* C. 

Aug tut 

34 03 

September 

10 88 

October (let half) 

28 9 

Ootobor (2nd half) 

23 0 

November 

IS 5 


Table XIX 


Average humidity during different months in 1931 at 8 A M 




58 0 



Jat Ckand Luthra and 
Jndar Singh Chnna . 
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1 Introduction 

The various aspect* of digestion among Crustacea were studied extensively 
The most recent paper on the subject is that of C M Yonge (1924) Excepting 
for a few papers on the structure and mechanism of the gastric armature 
m Decapods, no aspect of digestion was ever studied in any Indian type 
In the present paper, the author proposes to deal with the physiology of 
digestion and absorption and Paratelphusa ( Onoklphusa) hydrndromus 
(Herbst) This is the common South Indian field crab which lives m deed 
burrows having a peculiarly oblique descent on the muddy banks of pond’ 
and small canals It is often covered by patches of muddy colour and remains 
at the entrance of its burrow protruding its stalked eyes At one’s approach 
it rapidly crawls away into its retreat 

This has been selected for study on account of the ease with which it is 
obtained at all tunes and the convenience with which it is kept tinder 
observation, in the laboratory for long periods 

2 Material and Methods 

The crabs were collected m and around the University area and kept 
under observation in the laboratory' Some of them were fixed os soon as 
they weie collected from the field while others were fixed at different periods 
of starvation to study the extent of the period to which fat within the 
digestive gland can persist To study the passage of food in the digestive 
tract the animals were starved to begin with for a period of three days and 
then fe<l on bits of flesh stained with carmine and methylene blue and fixed 
at different intervals The preliminary starving forces the crabs to feed 
on the food stained with unpalatable dyes 

In almost all caxqs the material was fixed in Bourn’s fluid In the case 
of the digestive gland 30% alcohol containing 5% corrosive sublimate was 
used as a fixative In the case of animals which were fed on olive oil 
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stained with Sudan III, Fleming’s solution without acetic acid was. used 
as fixative When the ammnls were fed on fernim oxydatum saccharatum, 
they were fixed in 95% alcohol containing 5% ammonium sulphide 

In order to section the heavily chitmised regions of the fore-gut, the 
material was decalcified for three or four days in 70% alcohol containing 
2 -5% nitric acid and then transferred to a 10% solution of soft soap in which 
it was kept for four days and embedded in the ordinary wav 

In almost all the cases sections were stained in Dclaficld's hscmatoxvlm 
and eosm In a few cases Heidenhain’s iron-liamiatoxylin was employed 
In connection with the observations made on the peristalsis of the ninl¬ 
and hind-guts, the apparatus suggested by Hogben and Hobson (1924) m 
their studies on internal secretions was adopted The mid-gut or the hmd- 
gut was excised from the living animal and the two extremities were liga¬ 
tured with silk By means of one end it is fixed in the bath of saline medium 
(in proportions by volume of 6/8 molar solutions NaCl 200, MgU a 40, 
KC1 2, CaCl t 2, dextrose 3, with Na.IIPO, to P* 7) The other end is 
connected with the writing lever Adrenaline and tpimne in dilutions of 
1/80,000 and 1/1,00,00,00 respectively were used for perfusing the isolated 
regions of the gut 

3 Alimentary Canal 
(a) General description and histology 

The alimentary canal falls into three natural divisions —(l) The fore- 
gut, (n) The raid-gut and (in) The hiud-gut 

Fore-gut —The mouth is situated on the ventral side of the cephalic 
region between the mandibles and is bound in front bv the fleshy labmm 
and bellind by the metastoma It leads into the fore-gut wliuh is lined 
throughout by a cuticle which is continuous with the exoskeleton around 
the mouth The fore-gut consists of three distinct i>arts — 

(/) Oesophagus —The epithelium consists of cells of great length They 
are 85 p in length in a crab with a carapace of 2 -5 inches in breadth and 
are 3/iia width External to the epithelial layer is a thin elntinous layer 
of 12 1* in thickness. This consists of an outer deeply staining lajer and 
an inner structureless layer There is a distinct basement membrane 
beneath which is a laver of connective tissue This is comi>osed of dense 
reticulate fibres with a number of small nuclei External to the layer 
of connective tissue is a layer of circular muscles—the constrictor muscles 
The dilator muscles pass through the connective tissue and are attached to 
the basement membrane, 
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Lying in the Connective tissue are larger numbers of round glands 
termed the tegumentary glands (Fig 5) Each gland is globular and con¬ 
sists of numerous narrow conical cells The apex of each cell is directed 
inwards In the centre of each mass is a narrow cavity (Cal' Fig f>) which 
is continued into the cavity of the oesophagus by means of an mtra-cdlular 
duct {Ini D Fig 5) Each cell of the gland is provided with a distinct 
nucleus and stains deeply They have a diameter of 2ft to 30 n These 
glands are scattered through the connective tissue of the oesophageal wall 
and the labrum and the metastoma are also packed with them They are 
also present in the hind-gut 

These glands were supjiosed to have a digestive function and were 
termed salivary or intestinal glands (Huet, 1883), (Vit/ou, 1882) They 
secrete a sticky substance which entangles the food m the gut The secre¬ 
tion does not reveal the presence of any digestive enrvme As Yonge (J924) 
has pointed out their presence only in the fore-gut and hmd-gut alwajs in 
connection with chitin suggests the possibility of their rAIe in the secretion 
and preservation of the chitinous lining 

(2) Cardiac fore-gut —The oesophagus runs directly upwards and 
ojiens into the spac ions cardiac fore-gut (C Fig 1) This is a large spherical 
sac wliosi chitinous lining is thickened at definite places to form a compli¬ 
cated arrangement of ossicles termed the gastric armature which will be 
described below At the posterior wall of the cardiac fore-gilt is a ventral 
invagination termed the cardio-pylonc valve separating the cardiac ihambei 
from the- pvlonc chamber 

(3) Pyloric fore-gut --'The cardiac chamber passes downwards into the 
pyloric chamber (Py Fig 1) This is simple towards its anterior third In 
the posterior two-thirds its ventral wall is thickened to form two rounded 
lateral pouches the "ampoules pvlonques ” of Mocqiwd (1883) These 
constitute the " gland filter ” of Yonge (1924) Each ampulla is thrown 
into distinct longitudinal ridges beset with stiff set* The two ampulla; 
meet in the mid-ventral line forming the inter-ainpiillary ndge (I Amp 
Fig 2) The ventro-latcral walls of the chamber are also thickened forming 
the supra-ampullary ridges (S Amp Fig 2) 'lhe approximation of the 
supra-atnpullary ridges divides the pvlonc chamber into a dorsal compara¬ 
tively free region and a ventral portion {V D Fig 2) which is further sub¬ 
divided into a left and a right portion by the presence of the mter-ampullary 
ridge Detailed account of the structure and mechanism of the gland filter 
is found in the works of Jordan (1904), Williams (1907) and Yonge (1924) 
The cardiac and pylonc chambers have the same histological details as the 
oesophagus. There is a columnar epithelium and the chitinous layer is thin 
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in places other than those occupied by the masticatorv ossicles There 
is a distinct basement membrane, and a thin layer of connective tissue with 
circular and longitudinal muscles 

Mid-gut —Posteriorly the pyloric chamber passes into the mid-gut 
From the upper side of the posterior end of the pvloric chamber six to 
seven flap-like structures or valves project into the mid-gut The views 
of Cuenot (1893), Mocquard (1883) and Huxley (1880) regarding the physio¬ 
logical significance of these structures are discussed elsewhere in this paper 
From the anterior region of the mid-gut two c*ca, the raid-gut casca 
arise one from each side Each caecum extends over the pyloric chamber 
and is pressed against the side of the cardiac chamber The digestive gland 
also opens into the mid-gut just behind the mid-gut cscca (Fig 1) 

The mid-gut is the shortest jrortion of the alimentary canal and is about 
12-13 nun in a full-grown crab (Fig 1) The epithelial cells (Fig 3) are 
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columnar and are 5(>p m length with small nuclei They are provided with 
a striated border with a thickness of 1 to 2 /x Near the base of the epithe¬ 
lium there are the basal cells (2? C Fig 3) of Frenzcl (1885) with deeply 
staining large nuclei Beneath the epithelium is a basement membrane 
and beneath this is a lajer of connective tissue with circular and longitudinal 
muscles 

The mid-gut ca*a have the same histology as the mid-gut 



Fig 3 



Hind-gut —The hind-gut is a long narrow tube which starts from the 
mid-gut and extends as far as the anus A long coiled ctecum (H C Fig 1), 
the hind-gut caecum, is given ofi from the right side of the hind-gut before 
its entry into the abdomen. The hind-gut and hind-gut cwcum have 
columnar cells of 60 n in length and have towards their inside a deeply staining 
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thin chltinoua layer {Ch Fig 4) which is produced into longitudinal ritlges The 
chitinous layer is continuous with the exoskeleton at the anus The walls 
of the hind-gut as in the case of the resophngus are packed with tegumental 
glands which are found m great profusion towards the anterior region of 
the hind-gut The circular and longitudinal musculature (C M and 
LM I and LUO Fig 4) is better developed in the hind-gut than m the 
mid-gut 

(b) Digestive gland 

Almost the entire ventral side of the anterior region of the cephalo- 
thorax is occupied by the paired digestive gland or hepatopancreas This 
is a yellowish brown lobulated structure Hath half of the gland is composed 
of three main lobes There are three mam ducts arising from them on each 
side corresponding to the three lobes These three finally end in fine blind 
tubules and the cavit> of each tubule is m communication with the mid- 
gut as in the case of Cancer 

In section (Fig 6) the tubules are bounded by connective tissue and 
are composed of two types of cells beneath a basement membrane (l) 
Ferment or secretory cells vary in height from 20 to 70/t and 00 p in width 
(5 C Fig 6) Each cell contains small vacuoles and a darkly staining 
secretion Some of the cells are packed with secretion while others aie 
found having discharged partly or completely their secretion into the lumen 
of the tubules 

(u) Absorption cells (A C Fig 6) are vacuolate and vary from 70 to- 
100 ^ m length and 20 p in width Fat globules are found within each cell 
The border of the cell in contact with the lumen of the tubule both in the 
case of ferment as well as absorption cells is striated 

(c) Ossicles of the fore-gut 

Th2 ossicles of the fore-gut fall into two distinct sets (l) those of the 
cardiac chamber and (li) those of the pyloric chamber The ossicles of 
each chamber can he further grouped into (l) mam ossulcs and (n) support¬ 
ing ossicles. 

Mam ossicles —The meso-cardiac ossicle [M Fig 12, A1 is a triangular 
piece of sclerite transversely placed in the anterior region of the dorsal wall 
of the cardiac chamber The anterior end is ventrnlly inclined while the 
posterior broader end Is not distinctly separated from the uro-cardiac 
ossicle (U Fig 12, A) and the ptero-cardiac ossicles (Pt Fig 12, A) 

The uro-cardiac ossicle (17 Fig 12, A) is attached to the hind end 
of the meso-cardiac ossicle and extends posteriorly along the dorso-median 
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Fig 10 Fig il 


line Postcriallv, it inclines ventrally anti gives articulation to the pro- 
pyloric ossicle (P P Fig 12, C) Ventrally is the methan tooth (Af D 
Kig 12, A) which is differentiated into three regions. There is an anterior 
crescentic denticle and a broader posterior denticle with a concavity be¬ 
tween them In front of the anterior denticle is a semi-circular depression 
in which a minute denticle is present \ 

A pair of ptero-cardiac ossicles (Pt Fig 12. A) are attached to the 
meso-cardiac ossicle on either side by means of oblique hinges Their 
inner ends which are in contact with the meso-cardiac ossicle are broader 
while their outer ends are narrow The anterior gastnc muscles are attached 
to the inner ends of the ptero-cardiac ossicles The outer ends of the ossicle 
articulate with the zygo-cardiac ossicles (Z Fig 12, B) by means of a 
ligament—the antero-lateral ligament of Pearson (1908) The posterior border 
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Of the ptero-cardiac ossicle is straight while the anterior has a somewhat 
curved margin 

The pair of lateral aygo-cardiac ossicles (Z Fig 12, B1 articulate with 
the outer ends of the ptero-cardiac ossicles on either side They pa«-s 
posteriorly and exhibit a ventral inclination Kaeh rygo-cardiae ossicle 
anteriorly is produced into two knob-like processes (A", K" Fig 12, H) 
The inner process articulates w ltli the outer end of the ptero-cardiac ossicle 
of its side The outer process is attached to the anterior end of the pre- 
pectinal ossicle one of the supporting ossicles described below of its side 
Anteriorly each rygo-cardiac ossicle is narrow, and rod-like and becomes 
broadened towards the hind end About the level of the median tooth 
the lateral teeth (I D Fig 12, B) are developed on them Posteriorly, the 
dorsal border is in connection with the cardio-pylonc valve (P V. Fig 12, D) 
and the exo-pyloric ossicles (E P Fig 12, B) The inner border of the 
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ossicle is curved ventrally whereas the outer margin is bent inwards so that 
the ossicle exhibits a cavity towards the inside and a convexity towards 
the outside The outer border is folded forming a deep groove below the 
outer convexity Though the ossicle is thm. yet as a result of the compli¬ 
cated folding it gives a false impression of thickness 

Each lateral tooth (L D Fig 12, B) of the zygo-cardiac ossicle carries 
eight to nine hard denticles separated by deep grooves. The denticles are 
differentiated into three to four definite regions. The nature of the denticles 
in each region differs from those in other regions. 

The posterior border of the pro-pyloric [P.P. Fig 12, C) is rotated to 
the anterior side so that its position at rest resembles the position of the 
pro-pylonc ossicle of Cancer pagurus (Pearson, 1908) The exo-pylonc 
ossicles are attached to the posterior border and therefore displaced from 
the position described in Gelastmus (Reddv, 1934) This is provided with 
seta: and is depressed posteriorly In these depressions the cardio-p>lonc 
constrictors are inserted The posterior end is bifurcated while the narrower 
anterior end is attached to the uro-eardiac ossicle 

The pyloric os-ide is a broad dorso-median ossicle in the roof of the 
pyloric chamber Its anterior end is in contact with the pro-pyloric ossicle 
The supporting ossicles—The pyloric supporting ossicles do not differ 
from those of Cancer described by Pearson (1908) The cardiac supporting 
ossicles however differ 

The anterior ends of the prc-pectmal ossicles (Pr Pc Fig 12, F,) articu¬ 
late with the outer knob-like processes [K' and K" Fig 12, B) of the z\go- 
cardiac ossicles They closely follow the zygo-cardiac ossicles and gradually 
get broadened at their attachment with the pectinal ossicles The jiectinal 
ossicles [InfL T Fig 12, F.) are cup-shaped and bear towards their inside 
the infra-lateral-cardiac teeth which are ill a level with the lateral teeth on 
either side of the median tooth [M D Fig 12, A) Laterally, the pectinal 
ossicles are attached to the lateral cardio-pylonc ossicles (L C P Fig 12, E) 
and posteriorly to the infra-lateral cardiac and post-pectmal ossicles [Inf e , 
Ps Pe Fig 12, E) These are thickly beset with set® The infra-lateral 
cardiac ossicles end in oval setose brushes towards the oesophagus on 
reaching the sanpe level as the post-pec tinal ossicles turn up and end in 
posteriorly directed long tufts of set® (Se Fig. 12, E) which extend as far 
as the cardio-pyloric entrance 
(d) Muscles of the fore-gut. 

The musculature falls into two types, vtt, the extrinsic and intrinsic 
muscles, f 
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Extrinsic musculature —The muscles in this system run from the ossicles 
of the gastric armature to the exo-skeleton The anterior gastric muscles 
extend between the inner ends of the ptero-cardiac ossicles and the anterior 
region of the carapace Thev are in the form of two distinct bands which 
diverge considerably anteriorly. 

There are three bands of posterior gastric muscles The inner or the 
central band arises from the posterior region of the carapace and is inserted 
on the pylonc ossicle The outer bands also arise from the posterior region 
of the carapace and are inserted on the dorsal surface of the posterior ends 
of the sygo-cardiac ossicles. 

There are two bands of cardiac levator muscles extending between the 
lateral walls of the cardiac chamber and the carapace The pyloric levator 
muscles extend between the lateral walls of the pyloric chamber and the 
posterior region of the carapace Two bands of cardiac depressor muscles 
extend lie tween the ventro-lateral wall of the cardiac chamber and the 
anterior region of the sternum The pyloric depressor muscles proceed 
ventrally from the ventro-lateral wall of the pylonc chamber 

Intrinsic musculature —In this case the muscles nin between the osmcIcs 
of the armature within the fore-gut itself 

The cardio-pyloric constiictors arise from the posterior border of the 
meso-cardiac ossicle and are inserted on the posterior border of the propj- 
loric ossicle Thev are m three bands, the outer of which diverge --lightly 
towards their insertion There are three pairs of lateral cardiac muscles 
The dorsal paif extends between the donal border of the rygo-cardiac 
ossicle and the upper region of the mfra-cardiac ossicle and the pre-pectinal 
ossicle The central one extends between the upper region of the infra- 
cardiac ossicle and the pre-pectmal ossicle The ventral one runs from the 
lateral surface of the infra-lateral cardiac ossicle to the dorsal surface of 
the postero-lateral cardiac plate 

The cardiac constrictors are formed by two sets of muscles the postero- 
mferior cardiac and antero-lateral cardiac muscles The postero-inferior 
cardiac muscles run between the two posterior ends of the infra-lateml 
cardiac ossicles The antero-lateral cardiac muscles ari-e as a bifurcated 
bend from the antero-lateral cardiac plate and are inserted on the anterior 
well of the meso-cardiac ossicle just above the insertion of the cardio- 
pylonc constrictor muscles. The cardiac depressors and elevators are on 
either side of the cardiac constrictors 

The pyloric constrictor muscles aTe constituted by a number of narrow 
bands between the post-pectinal and mfra-lateral cardiac ossicles and the 
supporting ossicles in dorsal and lateral walls of the pyloric chamber 
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(e) Modus Opsrandus of the gastric armature 

Mocquard (1883), Pearson (1908) and Patwardkan (1934-35) have pointed 
out that the gastne armature is put into action mainly by the contraction 
of the anterior gastric muscles Huxley (1880) described the active movement 
as the result of contraction of both anterior as well as posterior gastric 
muscles But a study of the gastric armature of Paratclphusa and other 
South Indian Decapod Crustacea shows that the active movement is brought 
about mainly by the contraction of the posterior gastric muscles while the 
anterior gastric muscles and cardio-pyloric constrictors are chiefly concerned 
in the restoration of the armature to its position of rest 

If the anterior gastric muscles were mainly responsible for the colli-ion 
of the three teeth-bcaring ossicles, namely, uro-cardiac and the two Kigo- 
cardiac ossicles, as stated b> Mocquard (1883), Pearson (1908) and Patwardhan 
(1934-35) the most important factor, viz. the pressing down of the uro- 
cardiac tooth to meet the colliding />go-cardiac teeth could not be brought 
about on account of the reverted position of the propvloric ossicle It is 
only when the posterior border of the pro-pyloric ossicle is pulled backwards 
the uro-cardiac tooth is brought downwards This is made jxissible only 
by the contraction of the posterior gastric muscles. Their contraction 
results m pulling ba< k the pro-pyloric ossicle which owing to the roof of the 
cardiac chamber presses down the uro-cardiac tooth to meet the z\go- 
cardiac teeth 

Both the uro-cardiac and propvloric ossicles represent levers of the 
second order In the case of the uro-cardiac ossicle the fulcrum is situated 
at its attachment with the meso-caidiac ossicle while the jmwer is applied 
at its posterior extremity just behind the uro-cardiac tooth by the anterior 
border of the pro-pylonc ossicle The power is the result of the contraction of 
the posterior gastric muscles and is transferred to that point by means of 
the exo-pvlorie and pro-pylonc ossicles The work is performed in the region 
of the uro-cardiac teeth 

In the case of the pro-pylonc ossicle the fulcrum is at the attachment 
of its anterior border with the interior end of the uro-cardiac ossicle and 
the power is applied by the exo-pylonc ossicles at its posterior border 
while work is done at a point near the fulcrum in pressing down the uro- 
cardiac tooth 

On the supposition that the operation of tlic gastric armature is 
effected by the contraction ot the antenor gastric muscles, Pearson (1908) 
locates both the point of application of power and fulcrum at the place of 
articulation of the zygo-cardiac ossicle with the outer end of the ptero-cardiae 
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ossicle while the work is turned out at tht zygo-carchac tooth and 
describes the action of the zvgo-cardiac tooth as that of the lever of the 
second order, considering the zygo-cardiac and exo-pvloric ossicles as a 
single bar With the conditions described bv him neither the zygu-cardiac 
ossicle with the exo-pylonc is a le\ er of the second order, nor is movement 
possible when power acts at the fulcrum But if the power were to act 
at the exo-pylone ossicles—as it should bj the contraction of the interior 
gastric muscles—then the action of the combined ossicles is that of a lecer 
of the second order with the fulcrum at the anterior end of the zygo-caidmc 
ossicle, the work being turned out in the region of the zvgo-cardiac tooth 
and the power being applied at the exo-pvloric ossicles as shown m big 15 
The pre-pectinal ossicles bearing the infra-lateral cardiac teeth do not 
seem to Come into action during the plav of the mam ossicles Their action 
commences just after the cessation of the activity of the main ossicles 
When the armature is m its position of rest, the postero-mferior cardiac 
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muscles which are attached to the posterior borders of the infra-lateral 
cardiac ossicles contract As the post-pectinal ossicles are fused with the 
infra-lateral cardiac ossicle, both at the posterior and antenor ends, the 
contraction of these muscles draw together the peetinal ossicles, so 
that the infra-lateral cardiac teeth meet in the middle line above the median 
tooth, brushing it as they come together These clean the furrows of the 
median tooth and thus serve to keep it clean for the next collision with the 
zygo-cardiac teeth The infra-lateral cardiac teeth are brought back to 
their original position by the contraction of the lateral cardiac systems of 
muscle which extend between the dorsal border of the zygo-cardiac ossicles 
and the anterior region of the infra-lateral cardiac ossicles, If we consider 



Fig w, 
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the pectinal and infra-lateral cardiac ossicles as a tingle piece, their action is 
that of a lever of the second order The fulcrum is at the anterior extre¬ 
mity of the prepectmal osside at its articulation with the outer end of the 
ptero-cardiac ossicle and the work is turned out in the region of the infra¬ 
lateral cardiac teeth, while the power is applied by the postero-inferior 
cardiac muscles at the hind ends of the ossicle 

Thus the entire operation of the gastric armature falls into two types, 
tit t , (i) the action of the main system of ossicles and (11) the action of the 
supporting system of ossicles The former is concerned with the crushing 
of the hard food materials while the latter is concerned with the cleaning 
of the crushed material from the furrows of the teeth borne by the mam 
ossicles The two actions alternate The first is brought almut by the 
extrinsic musculature while the second is effected by the intrinsic system 
4. Passage of the Food through the Digestive Tract 

The animals after a preliminary starving were fed on pieces of flesh 
stained with niethvlene blue and carmine The animals were killed at 
intervals of two to three hours each and the various regions of the alimentary 
canal were fixed in Bourn's fluid 

Food is held by the chehe and passed to the maxillipedes which after 
preliminary reduction transfer it to the chitimscd mandibles After further 
reduction it is passed on into the mouth Through oesophagus it is passed 
into the cardiac fore-gut bv the action of oesophagial musculature 

No trace of the stains used with the food was detected in the inul-gnt 
or the tubules of the digestive gland in the first four hours During this 
time the food is retained in the fore-gut and is subjected to the grinding 
action of the gastric armature and the straining processes of the gland 
filter. The digestive secretion from the dige«trve glands makes its way into 
the cardiac chamber along the ventral grooves (V D Fig 2) of the gland- 
filter and mixes with the fine particles of food material as shown by Yonge 
(1924) The fluid with the digested food in very fine particles then passes 
back through the gland-filter into the mid-gut All large particles are 
retained in the cardiac fore-gut till they are reduced to a fine state After 
ten hours methylene blue and carmine can be detected in the mid gut, 
mid-gut caeca and the tubules of the digestive gland. The absorption of 
the digested matter takes place within the mid-gut and its connected 
structures. The undigested matter is forced into the land-gut by the 
peristaltic movements of the nnd-gut. These peristaltic movements are 
not very pronounced. It takes about 1 -5 to 2 minutes for the completion 
of every peristaltic wave When the isolated mid-gut in a bath of saline 
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medium was perfused with adrenaline and epirnne in dilutions mentioned 
before, the peristaltic movement was remarkably accelerated It took 
about a minute for the action of the adrenaline to start 7 to 8 peristaltic 
waves j>er minute were produced 

In about 12 to 16 hours, the undigested matter enters the bind-gut 
and is finally expelled through the anus The stains used with the feeding 
of the animals arc detected in all regions of the hind-gut during this time 
The jieristaltic mo\ enients of the hind-gut are more pronounced than 
those of the mid-gut Four to six peristaltic waves per minute are noticed 
F.verv peristaltic wa\e starts from the anterior end of the hind-gut, quite 
inde|jendent of the peristaltic waves of the mid-gut and passes towards 
the amts which is extended with every wave 

Perfusion of the isolated hind-gut with adrenaline and epirnne m dilu¬ 
tions mentioned above accelerates the peristaltic rhythm 

Sometimes a few unreduced hard pieces escape the cardio-pjloric valve 
and are found in the spacious anterior third of the pyloric chamber The 
concrescence of the supra-ampullary ridges effects a complete separation of 
the dorsal and the ventral regions of the posterior two-thirds of the pyloric 
chamber Due to the resistance offered bv the profuse set® of the gland 
filter in the ventral division, the unreduced pieces which have escaped the 
cardio-pjloric valve are forced into the dorsal division whereas the digestive 
secretion with dissolved food and very fine particles alone pass through the 
gland-filter of the ventral division Mention has already been made about 
five to six flap-like processes projecting backwards from the posterior end 
of the pyloric chamber into the mid-gut Huxley (1880) and Mocquard 
(1888) suggest that these act as valves in preventing regurgitation of the 
contents of the tnid-gut into the fore-gut Pearson (1908) and Cuenot 
(1893) state that these are concerned in carrying the hard pieces from the 
dorsal division directly into the hind-gut, thus preventing the soft walls 
of the tnid-gut from damage Yonge (1924) agrees with Huxley (1880) 
and Mocquard (1883) In Nephrofis which has a long mid-gut such a direct 
carriage of particles from fore-gut to hind-gut by the flap-like processes 
is not possible. But m Paratelphusa the mid-gut is very short and the 
valves in all probability arc concerned m carrying these hard pieces directly 
from the fore- to the hind-gut 

5 Specificity of Digestive Eniymes 

The digestive secretion produced by the secretory or ferment cells of 
the digestive gland is a thick yellowish brown fluid This makes its way 
into the cardiac chamber through the grooves in the gland-filter and is 
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mixed up with the food The secretion is easily obtained bv pushing a 
glass tube into the cardiac fore-gut through the mouth and drawing off the 
fluid therein For experimental purposes gKcerine extracts of the digestive 
glands were prepared Only extracts of 20% strength were used in the 
reactions Boiled extracts were set up as controls. Toluene was used as 
an antiseptic and the digests were incubated at H6° C 

The digestive secretion is poured into the lumen of the tubules of the 
gland in the form of fine yellowish droplet* Sections of the gland revenl 
some of the secretory cells actually emptying their conttnts into the lumen 
of the tubule The secretion i* faintly acidic towaids litmus As 
Nephrops (Yonge. 1924) it shows no tiace of free acid* The secretion 
contains amjlolytic, proteolytic and lipolytic enzymes 

The main results of the experiments connected with the amylolytic 
enzyme arc shown m Table I Starch, glycogen, sucrose are digested 
It has no action on inulin and raffinose as in the case of Ntphrnps (Yonge, 
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1934) But traces of cytase as m Asiacus (Bidertnann and Moritz, 1898) 
are revealed by the action of the enzyme on saw-dust which contains hemi- 
celluloses 

The optimum temperature for the action of the enzyme was then 
determined. The results of the experiments are shown in Table II and are 
represented graphically in Fig 17 The optimum lies at 45° C. Similarly, 


TA.BI.E II 
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the temperature of destruction was also determined The results are shown 
in Table III The temperature of destruction lies at 62° C It is interesting 



30 39 40 41 44 48 50 SZ 54 56 58 93 SO 

Fig 17 

to compare these results with those obtained by Yonge (1924) in the case 
of Nephrops Paratelphusa lives under wanner conditions than Nephrops 
and still the optimum temperature and temperature of destruction of the 
amylolytic enzyme are lower than those of Nephrops (Yonge, 1924).' 

The proteolytic enzyme present is most active m alkaline medium and 
is almost inhibited in acid medium Fibrin, casein and peptone are digested 
The optimum degree of alkalinity for the action of the enzyme was then 
determined The method of Yonge (1924) was adopted Digests with 
various degrees of alkalinity were set up with -0 g of fibrin in each They 
were incubated at 36° C for 3 days and then boiled, filtered and made 
up to the same volume. 20 c c of 10% formaldehyde was added to 
each and titrated into N/10 Na,CO, with phenolphthalein as indicator 
The following results were obtained : 

Neutral B >4 c c 

N/80Na,C O, .. 6-8cc 

N/40 „ . 7'lcc. 

N/30 „ .. 7-2cc 

N/20 „ .. 8-9cc. 

N/10 „ .. 8-8cc. 
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The optimum alkalinity as in the case of Care inns (Roaf, 1908) and Nephrofis 
(Yonge, 1924) is m N/20 Na,CO, medium 

The lipolytic enzyme shows a wide range of action. It hvdrolyses 
methyl acetate, amyl acetate, butyl acetate, ethyl acetate and an emulsion 
of olive oil 

The digestive secretion also hydrolises amygdalin and salicin Phloridzin 
was not acted upon 

The digestive gland in addition to the functions of digestion and absorp¬ 
tion according to Cuenot (1893) has also excretion, elimination and regula¬ 
tion Carmine and methylene blue which were injected into the abdomen 
were detected in the tubules of the digestive gland This phenomenon as 
Yonge (1924) has already pointed out, is of little importance in the excre¬ 
tory process 

6 Nature of Absorption and Food Reserves 
For investigating the absorption within the gut the animals were 
first starved for three days and then some were fed on olive oil 
stained with Sudan III while others were fed on ferrous oxydatum saccha- 
ratum Those fed on olive oil were used for detecting absorption within 
mid-gut and mid-gut caeca These were fixed in Fleming’s solution without 
acetic acid In the case of the tubules of the digestive gland where there 
is a lot of stored fat the olive oil process is of no use Experiments on 
starving and subsequent sectioning of the gut have revealed that fat can 
persist in the cells of the digestive gland up to 38 to 40 days The absorp¬ 
tion sells at this stage are clear and in many casts distorted For detecting 
absorption in the tubules of the digestive gland animals fed on iron salts 
were fixed in ammonium sulphide in 95% alcohol 

The absorptive cells of the mid-gut and mid-gut cceca showed the 
presence of dark-staining fat droplets No trace of absorption was noticed 
in the fore-gut, hmd-gut and hind-gut ctecum The ferment or secretory 
cells of the mid-gut arc free from these darkly staining globules 

In sections of the digestive gland iron salts are found profusely in the 
lumen of the tubules and m the vacuoles in the absorptive cells of the 
tubules The presence of iron salts in the absorptive cells of the mid-gut 
and mid-gut caeca is easily noticed 

Cuenot (1893) and Jordan (1904) considered that the mid-gut and the 
mid-gut cteca are speciahsed for fat absorption There is however no 
reason for that assumption Animals were starved up to 40 days till almost 
all the fat in the absorptive cells disappeared They were then fed on olive 
oil and after 4 days fixed in Fleming's solution without acetic acid Section 
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of both the digestive gland as well as those of the mid-gut and mid-gut 
creca revealed the presence of darkly staining globules This clear!v show 
that absorptive cells of digestive gland tubules also arc capable of absorbing 
fat. These, however, were m greater profusion tn the mid-gut and mid-gut 
coca This is evidently due to the fact—as Yonge (1921) has pointed out— 
that carbohydrates and proteins which arc easily- split up make their way 
immediately into the tubules of the digestse gland, from the fore-gut, 
whereas fats which are more slowly split up are passed on into the 
mid-gnt 

Though the mid-gut is very small the absorptive surface is verv much 
increased b> the lumen of the two long mid-gilt cteca and the tubules of the 
digestive gland 

Within the absorptive celts of the digestive gland fats, ghcogen and 
calcium salts are found as reserves Bernard (185'i), Smith (1914), Kirch 
(quoted by Yonge, 1924), Paul and Sharpe (1919) have shown the close 
connection of these food reserves with the moulting in the case of many 
other Decapods, 

7 Summary and Conclusion 

1. Paralclphusa {Oziolelphusa) hydrodromus (Herbst) is the common 
South Indian field crab It is a fresh-water animal which lives in deep 
peculiarly oblique burrows. 

2 The alimentary canal falls into three natural divisions, viz , (i) fore- 
gut, (n) mid-gut and (in) hind-gut The fore-put consists of the oesophagus, 
cardiac chamber and the pyloric chamber The mid-gut is the shortest 
portion of the gut Immediately behind the forc-gut it is produced into 
two caeca The digestive gland opens into the mid-gut at tins region by two 
lateral ducts The hind-gut is the longest portion Anteriorly arising 
from the right side is a caecum. The histological structure of the various 
regions is described 

3 The gastric armature present in the forc-gut is worked by a number 
of muscles. Its mechanical constitution is such that the force of a single 
pull is resolved along three tceth-bearing ossicles which collide The force 
of collision is so great as to reduce even the hard shells of molluscs to a fine 
powder 

4 The modus opirandus of the gastric armature- is brought about by 
the posterior gastric muscles The cardio-pyloric constrictors and the 
anterior gastric muscles arc concerned in the restoration of the gastric 
armature to its position of rest The various views regarding the working 
of the different ossicles are iliscu«sed. 
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6 After external reduction by the mandibles food is passed into the 
fore-gut where it is retained for four hours Here it is subjected to the 
elaborate processes of mastication and straining by the gastric armature and 
glandfiltet The digestive secretion from the digestive glands finds its way into 
the cardiac chamber and mixes with the reduced food In about ten hours 
the food mixed up with the secretion passes mto the mid-gut and its connected 
structures In 12-16 hours it reaches the hind-gut and is finally expelled 
through the anus Peristaltic movements of the mid- and hind-guts are 
responsible for the passage of food in the gut 

0 The mid-gut exhibits feeble peristalsis, each peristaltic wave taking 
1 B to 2 minutes for its completion The hind-gut shows pronounced 
peristalsis;—4 to 6 waves occur per minute When jierfused with adrena¬ 
line and epinine in dilutions of 1/80,000 and 1/1,00,000 respectively, the 
peristaltic rhythm in both the cases was very much accelerated 

7. Amylolytic, proteolytic and lipolytic enzymes are present in the 
digestive secretion Amylolytic enzyme acts best in neutral medium and 
digests staTch, glycogen, sucrose. Its optimum temjierature is 45° C and 
temperature of destruction is 62° C Henucelluloses in saw-dust were also 
acted upon showing the presence of a cytase. Proteolytic enzyme has an 
optimum in N/20 Na,CO, medium Lipolytic enzyme has a very wide range 
of action It hydrolyses fats and esters, 

8 Absorption is confined to the mid-gut, mid-gut carca and tubules 
of the digestive gland It is observed that fat is absorbed both in the mid¬ 
gut and the digestive tubules There is uo evidence to show the assump¬ 
tion of Cuenot (1883) and Jordan (1904) regarding the specialisation of the 
mid-gut for fat absorption. 

9 Pats, glycogen and calcium salts are found as reserves in the cells 
of the digestive glands 

In conclusion, I have great pleasure in expressing my best thanks to 
Mr K V Reddy, b a , b sc (Edtn), Forest Officer, Jeypore, Mr R V 
Sesliaiya, u A, Lecturer in Zoology, Annamalai University, and to 
Dr B B Dey, d sc (Lond ), r K, and Dr’S G M Ramanujam, m a , 
ph d (Lond ), p z s , Professors in Chemistry and Zoology, respectively 
in the Presidency College, Madras, for their valuable suggestions, 
encouragement and help during the course of this research 



Physiology of Digestion & Absorption tn P. hydrodromus (Herbst) 191 

REFERENCES 

1 Bernard, C, “Recherches «ur une nouvelle fonction du foie," Am ie Sc Nat, ZooI, 
(3rd ler), 1853. 19 

2 Biedermann, W, und Moritz, “Beitrage zur vergleichmden Physiologie der Ver- 
dauung. 1—Uber cm cellulose losendes Entym im Lebersekret der Schnecken," Arch get 
Physiol, 1898, 73 

3 Caiman, W. T, A Treatise on Zoology, edited by Ray Lankester, 1909, Part VII, 
3rd fascicle, “Cruitacea." London 

4, Coe not, L, “Etudes physiologiques sur les Crustacea Dccopodes," Arch de Biot, 

1893, 13 

5 Elliott, “Action of Adrenaline," Jour Physiol , 1904, 32 

6 Frenrel, “Uber den Darmkanal der Crustaccen nebst Bemerkungcn zur Epithelre- 
gencration," Arch hhhr Anal, 1885, 25 

7 Gaskell, “Adrenaline in Annelids,” Jour Gen Physiol , 1919, 2 

8 Giaja, J, "Ferments des Glocosides et des Hydrates de Carbone chez les Crustaces 
Marins,” CJt Soc Biol. 1907, 63 

9 Huet, L, "Nouvelle* recherehes stir les Crustaces Isopodes," low de 1‘Auat cl de 
la Physiol, 1883, 19 

10 Hogben and Hobson, "Studies on internal secretions III Action of Pituitary 
extract and adrenaline on Contractile tissues of certain invertebrate," Bril J Exper Biol 
1924, 1, (2) 

11 Huxley, T H, The Crayfish, London International Scientific Senes, 1880 

12 Jordan, H, "Die Verdauung und du Verdaungsapparazat des Flusskrebses," Arch 
get Physiol, 1904, 101 

13 Jordan, H, "Zur Frage nach der exkretiven Funktion der Mitteldarmdruse bei 
Astacus fimnahlu," op cit. 1904, 10J 

14 Lang, A, Text-book of Comparative Anatomy, London, 1896 

15 Miller, F R, "On the Rhythmical Contractability of the Annal Musculature of the 
Crayfish and Lobster," J Physiol, 1910, 40 

16 Mocquard, A, "Rechercher unat sur 1’cstomac des Crustaces podophlhalmaires,” 
Ann Sc Not, 1883, (6), 16 

17 Martin, J R, “Absorption and sccretlou in the Digestive system of the Und 
Isopodes," Proc Acad Nat Sci Phil, 1902, 54 

18 Newbigui, M I, "The pigments of the Decapod Crustacea," Jour Physiol, 1897, 21 

19, Parker, T J , "On the stomach of Freshwater Crayfish," J dual Physiol, 1876, 11 

20 Patwardhan, S S, "On the structure and mechanism of the Gastric Mill ill De¬ 
capods I—The Gastric Mill of Paratelfihusa guertui M Edw.” Proc Ind Acad Sci, 1934-35, 
1, (5) 

21 Patwardhan S S, "On the structure and mechanism of the Gastric Mill in Deca¬ 
pods II — Brachyura," op, cif, 1934-35, 1, (7) 

22 Patwardhan, S S, “On the structure and mechanism of the Gastric Mill in Deca¬ 
pods HI— Anontwo" op ctl, 1934-35, 1, (8) 

23 Patwardhan, S S, "On the structure and mechanism of the Gastric Mill in Deca¬ 
pods IV — Macrura Replanha,” op cil, 1934-35, 1, (8) 

24 Paul, J H, and Sharpe, J S, “The Deposition of Lime salts m the Integument 
of Decopod Crustacea," / Physiol , 1915, 50 



192 A. Ramakrishna Reddy 

25 Paul, J H , and Sharp*, J S, "The Relationship of Lecithin to the Growth Cycle 
m Crustacea," Dtoch Jour , 1919, 13 

26 Pearson, J, "Cancer," l.hfBC Memoir, 1908, No XVI, 

27 Pump, W, “tlber die MuiWelnctie del Mitteldarmdrtu* von Crustaceen," Arch 
Mikr Amt, 1914, 85 

28 Reddy, A R, “The Gastric Armature of some South Indian Decapod Crustacea," 
Jour Anuamaloi Unn'ernlv, 1934. 4. (1) 

29 Reddy, A R, "A note on the variations in the Gastric armature of some South 
Indian Decapods," Proc 22nd Ind Sci Cony, 1935 

30 Reddy, A R, "On the structure, mechanism and development of the gastric 
armature in Stomalopoda, with a discussion as to its evolution m Decapods," Proc Jud Acod 
See, 1935, 1, (10) 

31 Reddy, A R, “On the Modus Operand! of certain ossicles In the gastric armature 
of Decapod Crustacea,’ Curr Set, 1935, 4, (1) 

32 Roaf, H E, “The Hydrolytic Enxymes of Invertebrates,” Bxoch Jour, 1908, 3 

33 Smith, G, “The effect Of Saccuhna on the storage of fat and glycogen and on the 
formation of pigments by its host,” QJ M S, 1914, 59 

34 Vitsou, A N, "Recherches sur la Structure et la Formation dcs Teguments dies 
le Crustaces Decapodes,” Arch Zool Bxper . 1882, 10 

35 Waltcngren. H, “Uber das Vorlcommen und die Verbreltung der sogenannten In- 
testinaldrusen bei den Decapoden,” Zcit f W'i ts 7ool, 1901, 70 

36 Weber, M, "Ueber den Bau und die Thatigkeit der sog Leber der Crustaceen," 
Arch Mtkr Anal, 1880, 17 

37 Williams, L W, "The stomach of the Lobster and the food of Larval Lobsters,” 
37th Ann Rep Comm Inland Pish, Rhode Island, 1907 

38 Young, "Movements of the isolated small Intestine," Quart Jour Bxper Physiol, 
1915, 8 

39 Yulige, C M, “The mechanism of Feeding, Digestion and Assimilation in Lamclh- 
branch Mya," Brli J, Hr per Biol, 1923, 1, (1) 

40 Yonge, C M, "The mechanism of Feeding, Digestion and Assimilation in Nephrops 
PJortryicus," op nl , 1924, 1, (2) 

41 Yonge, C M, "On some aspects of Digestion in Ciliary Feeding Animals,” 
Jour Mar Biol Assoc, 1935, 20. (2) 

42 Yonge, C M , and Long, D, "The function of tegumental glands in the statocyst 
of Uomarus vulgaris," op at, 1935, 20, (2) 

EXPLANATION OF FIGURES 
Fir. 1 —Alimentary Canal of Paratelphusa 

Fig 2—TS of the posterior third of the pyloric chamber X *3 

Fig 3 -T S of the mid-gut X 72 

Fig 4 -T S of the mid-gut X 58 

Fig 5 —T S of the tegumental glands X 232 

Fig 6 -T S of the digestive tubule X *74 

Fir, 7—A secretory cell just before discharging its secretion X 580 

Fig 8.—An absorption cell with vacuoles of absorbed food material. X 580 

Fio. 9 —A secretory cell discharging Its secretion. X 580. 
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Fie 10—A’secretory cell showing the formation of the vesicle of secretion X 580 
Fie 11 —The longitudinal chitinmis ridges bearmg seta in the ampullary pouches X 43 
Fie 12—The gastric armature with the mam ossicles separated The pectmal system 
of ossicles of the left side alone is shown 
FlO 13 —Diagram to illustrate the mode of action of the uro-cardiac ossicle 
A Position at rest 
D Position at action 

Fie 14—Diagram to show the action of pro-pyloric ossicle 
Fie 15—Diagram to show the action of aygo-cardiac ossicle 
Fio 16—Diagram to show the action of the pectmal system of ossicles 
Fie 17—Temperature curve of tlie amylolvtic ensyme 
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Since the publication of Part II of *' The fungus flora of Allahabad " a 
number of other fungi have been collected in this town which are included 
in this third list 

Special interest attaches to this list of fungi on account of the following 
points ’— 

(1) Allahabad is not specifically mentioned by Butler and Bisby in 
“ The fungi of India " as a locality for any of these fungi 

(2) Some of the species are on new hosts They are marked with an 
asterisk 

(S) Some of these fungi are not recorded in “ The fungi of India 
These are marked with a t 

(4) Fifteen species and one genus in the list are described for the first 
time in Annaks Mycologtct-Fungt titdta. Nos 1 and 2 by Sydow and Mitter 
and No 3 by Sydow, Mitter and Tandon These are marked with a double 
asterisk 


Except a few, the fungi were collected by the authors. 


No 

Name of the fungus 

Name of the host 


1 Archuiycetes 

1 

Synckytrtum rytzii Syd 

| Pmslropht btcalyculaia 


i Fhycomycktes 

*2 

Chnanefhora cucurbitarum (Berk & 
Rav) Tbaxter 

Hibiscus esettknius 

3 

Choanephora tnfundtbulifera (Currey) 
Cunningham 

Hibiscus rosa'Stnartm 
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No. 

Name of the fungus 

Name of the host 


Choanephora ? stmsont Cunningham 

I Ztnma sp (cultivated) 


Cystopus bhtt (Biv ) de Bary 

Achyranthes aspera 


Cystopus bltti (Biv ) de Bary 

A maranthus sp 


Cystopus bltti (Biv ) de Bary 

Dtgera arvettsts 

*8 

Cystopus tpomcs-pandurattt (Schw) 
Stevens & Swingle 

Ipomcca htrta 

*8 

Cystopus tpoma-pandurata (Schw) 
Stevens & Swingle 

Ipotnaa pesttgrtJts 

*10 

Cystopus ipomapand uraUe (Schw) 
Stevens & Swingle 

Ipotnaa ptlosa 

*11 

Cystopus tpomce-panduralt* (Schw) 
Stevens & Swingle 

M err mu a mtargtnaia 

12 

Perottospora arhorescetts (Berk ) 
dc Bary 

Papaver somntferunt 

tl3 

Perottospora obovata Bon 

Spergula arvense 


Perottospora trtfoliorutu de Bary 

Medtcago denttculata 

1ft 

Perottospora tn/ohorum de Bary 

Medtcago tiulua 

•16 

j Perottospora vtcta (Berk) de Bary 

Vtcta sativa 

17 

Pkytophthora colocasut Rnciborski 

Colocasta antiquorum 

18 

Scltrospora gramttttcola (Socc) 

Schroeter 

Ascomycetes 

*•19 

Coronophora eptstroma Syd 

PhyUanthus rettculaius 

*♦20 

Diaporthe nutter tana Syd 

Porana patticulala 

tai 

Hypoxylott nectnoties Speg. 

Tantanndus tndtea 
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No 

Name of the fungus 

Name of the host 

22 

Hypoxylon rubtgtttosum (Pers ) Kr 

Dead wood 

f 23 

Pltospora balaanensis Petr 

Agave ammeana 

24 

-/*26 

Protomyces macrosporus Unger 

( ortandnim sativum 

Tnbhdtella rufula (Spreng) Sacc. 

Albtx'ia odoraltsstma 


BASIPIOMYCtTES 
(«) Ushkgtnales 

26 

Melanopsichtum auslro-amertcanunt 
(Speg ) Berk 

Polygonum glabrum 

27 

Usttlago tUustnts Kulkarni 

Eleustne eegypttaca 

28 

Usltlago Kollen 

A vena saliva 


(b) Uredtnales 


29 

Pitcctna kuehntt (Krueg ) Butler 

Saccharum sp 

30 

Puccmia prnmseti Zimni 

Penmsetum typhoideum 

**31 

Uromyces gtniths Syd 

Mimusops htxandra 

32 

Uromyces sctarue-italicce (Diet) 
Yoshmo 

Setana itahca 

s/33 

Uromyces sp 

Saccharum arundtnaceum 
(No Uromyces is mentioned 
on this host) 


(c) Hymenomyceles 

34 

Amanita sp 


35 

Boletus sp 


36 

DerdaUa flaxada Lev 


37 

Dadalta umcolor (Bull.) Fr 
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No 

Name of the fungus 

Name of the host 

38 

Favolus scaber B and Br 


/f89 

Pomes caryophylh (Rac ) Btcs 


40 

Fames duriswnus 1,1} od 


41 

Fames palltdus Fetch 


42 

Fomes rttnosus Berk 


s/f43 

Fomes robusius Karst 


44 

Fomes senex Nets & Mont 

\ 

45 

Ganodemta colossutn (Fr) Bres 

\ 

*46 

Hexagonta dtscopoda Pat & Har 

Russia latifolta 

*47 

Hexagonta dxscopoda Pat & Har 

Tamanndus tndica 

48 

Irpex sp 


49 

Lenltnus sp 


50 

Lemttes repanda (Mont) Fr 


51 

Polvporus calculUnsts Bose 


52 

Polyporus chocolatus Bose 


53 

Polyporus gramocephalus Berk 


54 

Polyporus hooken 1,1} od 


/f55 

Polyporus ntlghertensts Mont 


56 

Polysitctus htrsutus Fr 


57 

Polyshctus leonmus Klotzsch 


58 

Polysitctus velutmus Fr. 
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No 

Name of the fungus 

Name of the host 

r '- / t59 

Porta lacngata Fr 


60 

Pona sp. 

Bamboo 

*61 

Porta sp 

Palm 

♦62 

i Porta sp 

Vtits negundo 

*63 

Pona sp 

Ztzyphus jujuba 

64 

Trametes ctngulala Ber 


65 

: Trametes floccosa Bres 


06 

Trametes pmootti Fr 


•V 

(<f) Gasteromycetes 

Cyathus sp 


J 68 

Poiaxon sp. 



Fungi impkrfecti 

69 

Acrothectum lunatum VVakker 

Andropogon sorghum 

70 

AlUmana solant (Ell and Mart.) 
Jone & Grout 

Solatium tuberosum 

f71 

Ascochyta cycadina Scalta 

Cycat revoluta 

t72 

Botryodtplodia draceentcola (P Henn ] 
Petr el Syd 

Dracana sp 

173 

Botryodtplodia mamltnsts (Sacc) 

Petr et Syd 

Rtcinus communis 

t74 

Botryodtplodia sycottophila (Sacc) 
Petr et Sjd 

Ficus rdtgtosa 

76 

Ctphalosponum sp 

Heliantkus sp. 
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No. 

Name of the fungus 

Name of the host 

*•76 

Cercoseplona balsamtna Syd. 

Impattens balsam 

77 

Cercospora bettcola Sacc 

Bela vulgaris 

78 

Cercospora cruenta Sacc 

Vtgna cattang 

♦*79 

tao 

Cercospora tndtca 

Ca]anus tndtcus 

Cercospora moncola 

Morus alba 

**81 

Cercospora myxa Syd 

Cordta myxa 

82 

Cercospora occidentals Cke 

Cassia occulentalis 

83 

Cercospora personata (Berk and 

Curt ) EU & Ev 

Aiachts hypogtea 

•*84 j 

Cercospora pulchra Syd 

Cratava religtosa 

**85 

Cercospora stssoo Syd 

Dalbergta stssoo 

'*/t86 

Cercospora ttnospora Syd 

Ttnospfca cordtfolta 

*87 

Cercospora sp 

Cocctma tttdtca 

•88 

Cercospora sp 

Melilotus alba 

**89 

Cercosporella penstrophes Syd 

Penslrophe bicalyculata 

♦♦90 

Ctltochorella mattgt/era .Syd Nov 
Gen. Nov Sp. 

Mangtfera tndica 

91 

Cladosportum fulvum Cke 

Lycoperstcum esculentum 

**92 

Claslerosponum concinnum Syd 

Ficus religtosa 


Colldotrichum dractena-fragranUs 
(Movi) PetT et Syd 

Draatna ? lindti 

t94 

Colldotrichum papaya (P Henn) 
Syd. 

— 

Car tea papaya 
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No 

Nome of the Fungus 

Name of the Host 

**96 

Colletotnchum tmospora Syd 

Ttnospora cordtfolta 

**96 

Dendrographium mitten Syd 

Ttnospnra cordtfolta 

•97 

Dtplodta htbtsctna Cke el Ell -Var 
Sabdanffa sacc 

Hibiscus sabdanffa 

98 

Dtplodia sp 

Porana pamculata 

99 

Dothtorella sp 

Porana pamculata 

fioo 

Exoirtchunt leucomelas Syd 

Pertstrophe bicalyculata 

101 

Haplosporella draaenarum (Penz et 
sacc) Petr 

Dracana sp 

**102 

Haplosporella phyllanthtna Syd 

Phyllanthus reticulatus 

f 103 

ISana pulckernma Berk et Br 

Phoenix daclyltfrra 

**104 

Lamyella plantuscula Syd 

Mtmusops elcngt 

1105 

Macrophoma dtantht Gobotto 

Dtanihus caryophyllus 

106 

Mxcrodtplodia agaves (Niessl) Petr 

Agave amertcana 

107 

Mtcrodtplodta agaves (Niessl) Petr 

Agave cantala 

**108 

Phomopsis artocarpi Syd 

Artocarpus mtegnfolia 

1109 

Phyllosluta ? confertissima Ell et Ev 

Utmus ttUegnfolia 

tno 

Phylloshcta dracana Griff et Maubl 

Dracana ? lindtt 

111 

Phyllosttcia viola Dcsm 

Vtola sp. 

*112 

Phyllosttcta Sp, 

Anttgonum sp 

113 

Phyllosttcia sp 

Phccntx sp. 

114 

Septoglacum acacia Syd 

Acacia arabica 
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No. j 

Name of the Fungus | 

Name of the Host 


Septona calysUgue JVest 

Convolvulus arvcnse 

tllfl 

Tnchothectum rouum I,k 

Old wood 

^U7 

Vermtcularta hacklen Syd 

Rtctnus communis 


■ •srts.tesw.isi sar-Jftus 




IS THE CHROMOPHOBIC PART OP THE GOLGI 
APPARATUS AND MITOCHONDRIA THE 
ERGASTOPLASM P 

By M K SUBRAMANtAM, M A , D 5ic , 

Rf starch Pillow, Department of Zoology, Umveratly of Madras 
Received September 18,1937 
(Communicated by Profeieor R Gopala Aiyar ) 

Introduction 

Very recently from work on I.ycas/ts (Subrainatuam and Gopala Aiyar, 
1936, 1937) it was postulated that in the vertebiatcs the ldiosome should 
be present in a masked condition as a core to the strands or plates composing 
the Golgi network. Since then, the problem is being studied from two 
directions. First, I proceeded on the assumption that if such a core is 
present in a masked condition, it should be seen during the active synthesis 
of secretion granules at least in some cases During experiments with various 
types of vertebrate tissues it was found that in the liver cells of the tree 
frog, actually, a chromophobic part becomes differentiated during secretion 
of bile components (Subramamam, 1937) In the second line of attack, the 
pancreas of the toad was selected, where, the chromophobie part of the 
Golgi apparatus is not visible at any stage If as has been postulated 
(Subramaniam and Goi>ola Aiyar, 1936 and 1937) a chromophobic part 
is present, it should be possibte to demonstrate it by some suitable 
technique Bowen (1928) describing certain methods employed by some 
workers for the demonstration of the ldiosome in germ cells suggests their 
application to vertebrate somatic cells The fixatives suggested are Bourn, 
Perenyi. Zenker, Mann or Osmie Acid The stains used are erythrosin, 
light green, acid fuchsln, methyl green and resorcm-fuchsin It will be 
seen that most of the fixatives mentioned above contain acetic acid -or 
mercuric chloride and most of the dyes are acid ones The special technique 
for cytoplasmic components is being followed rigidly only m recent years 
and the earlier workers employed mostly acetic acid or sublimate fixatives 
From a study of the earlier papers on the pancreas it appears that it is 
from acetic add and mercuric chloride preparations of gland cells that the 
Brgaatoplaam theory was formulated Though not heard of now, the 
Brgastoplasm theory held sway between the years 1890 and 1910 
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What ts the Ergastoplasm Theory ? 

Nebenkern —In order to get a clear idea of the Ergastoplasm theory, 

It is desirable to know something about the ‘ Nebenkern described 
in some gland cells This structure described particularly in the pancreas 
has nothing to do with structures of similar name described in pulnionate 
germ cells and insect spermatids Gaule (1881) and Nussbaum (1882) 
discovered indqiendentiv in the pancreas cell a body of uncertain nature 
which thev called the ‘Nebenkern' This structure in a gland cell is a 
moss often of fibrillar structure, the nature and function of which is still in 
dispute According to the description of Nussbaum the development of 
the 1 Nebenkern ’ is related to the phase of the secretory cycle Thus cells 
actively synthesizing secretory products were found to have one or more 
large 1 Nebcnkerns ’, while m cells loaded with secretion the ‘ Nebenkern ’ 
might be absent Ogata (1883) found during his researches on the frog and 
other Amphibia, that the ■ Nebenkern' was most common in frogs which had 
not been fed for a short tune It disappeared later and appeared again only 
after feeding Curious and fantastic descriptions of the origin and structure 
of the • Nebenkern' aie seen m bterature Morelle (1927) considered that 
faulty fixation produced a ■ Nebenkern ’ while Benoit (192b) assigns to it 
a minor place in cellular economy 

Ergastoplasm— Side bv side with the Nebenkern conception was 
develo] >ed the Ergastoplasm theory Briefly, the so-called Ergastoplasm 
is constituted by filaments and these are usually seen only after acetic acid 
or corrosive sublimate fixations It should be* pointed out here that some 
workers considered that these filaments seen in sublimate and acetic acid 
fixations, formed the so-called ‘ Nebenkerns ’ of the pancreas, due to spiral 
twisting or coiling (Mathews, 1899) A clear account of these fibrillar 
structures was first given by Kberth and Muller (1892) Solger (1894, 1896 
and 1898) described them in detail under the name 1 basal filaments ' and as 
‘ Ergastoplasm ’ their importance was emphasized by Gamier (1897,1900 a, 
1900 b) and Prenant (1898-99) 

The morphology of this structure was never clearly defined but as the 
name ‘ Solger’s filaments ’ suggests, it had frequently a fibnllar structure 
Divergent structures have been included under the term ‘ Ergastoplasm ’ 
due to their supposed common affinity for acid stains, like chromatin, but 
if one has to believe Mathews (1899) both have shghtlv different staining 
reactions as the following statement of his would show " In PI XI, Fig 31c 
one of these threads, stained red runs over the nucleus and ends in the green 
mass of chromatin " (p 178) This is in the pancreas cell of the hen, fixed 
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in Hermann and probably stained in acid fuchsin and methyl green The 
most interesting aspect of the Ergastoplasm theory seems to be the concep¬ 
tion of its alteration in amount (and staining capacity) at different parts 
of the secretory cycle Ournicr (1600 a, 1900 b ), Prenant (1899-99), Jacobs 
(1928) and many others have shown that in cells actively synthesizing 
secretory droplets the Ergastoplasm is fully developed while in cells loaded 
with secretion it is greatly reduced or entirely absent Though most of 
the workers were against the idea of the Ergastoplasmic fibrilhe being 
actually transformed into secretory granules, yet, the majority agreed 
with the view that the development of the Ergastoplasm is precedent to 
the secretory substance proper 

Coming actually to the disposition of the filaments oi fibrillie, they 
have been known to run chiefly in a vertical direction beside the nucleus, 
while below the nucleus they run in a horizontal direction forming an 
intricate sktm (Hensley, 1611) The Ergastoplasm has been interpreted 
as artifacts produced hr acid fixation bv some, while others opine that 
the Ergastoplasm has a material existence in the form of an unformed 
material which becomes fibrillar when treated with fixatives which are 
too acid 

Bowen (1929) sums up with the observation that two different things 
have been confused under the name Ergastoplasm (1) the poorlv fixed 
chondriome and (2) the concentrated material in the basal region of the 
cell coming from the capillaries 

The Ergastoplasm and the Chromophobtc Patl of the Golgt Apparatus 
and Mttoclumdrta 

My interest in the Ergastoplasm and Nebenkern concepts has been 
due to the fact that technique once used for the demonstration of the 
Ergastoplasm and Nebenkern has been found successful for the demonstra¬ 
tion of the tdiosome in germ'cells If structures shown by such technique 
could be considered the ldiosome, cannot similar structures shown by similar 
technique in gland cells also be partly or wholly due to the idiosomic sub¬ 
stance ? In order to discuss the above question one has to have a definite 
idea of the structure of the mitochondria and the Golgi apparatus The 
mitochondria are filamentous in the pancreas and no chromophobic eomjx>- 
nent has been demonstrated m relation with the outside of these filaments 
by any worker Bowen (1922) from his researches on the Nebenkern 
formation during spermatogenesis in insects comes to the conclusion that 
these filamentous mitochondria should have a chromophobic area m the 
centre which though not visible is supposed to be present In other words, 
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the chromophobic core is supposed to occiipy a position similar to that of 
the copper wire in an insulated cable (I-'ig 1) Similarly, Subramaniam 
and Gopala Aiyar have suggested that a central chromophobic core should 
be present in Golgi networks which do not show any visible chromophobic 



area Both the possibilities have been substantiated in part by demon¬ 
stration of the differentiation of a chromophobic part in mitochondria 
during Nebenkcm formation and the differentiation of a chromophobic 
area by the strands of the Golgi network in the liver cells of the tree frog 
during production of bile constituents The chromophobic part of the 
mitochondria and Golgi apparatus are supposed to be of a proteid com¬ 
position It is rather unfortunate that while the chromophobic part of the 
Golgi apparatus has a definite name—the idiosome—there is no such term 
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for the ehromophobic part of the mitochondria That the idiosome at 
least is of a proteid nature could be made from the tests suggested by 
Bowen (1928) for the demonstration of such a component and with which 
many workers record a demonstration of the idiosome 

The question that has to be considered is, can the Ergastoplasm be the 
chromophobic parts of the Golgi and Mitochondria > Bowen (1929) suggests 
that part of the Krgastoplasm may be only a remnant of the poorly fixed 
chondriome The question arises, which part or component of the chon- 
dnome is the part that persists ? It is common knowledge—though a 
controversy has been raging on the subject—that many workers consider 
the mitochondria as having a proteid-lipoid composition Bowen's sugges¬ 
tion cited above should prove that it is the proteid part that jiersists, for, 
lipoids and fats are washed out by corrosive acetic and acetic acid fixatives 
A similar proteid-hpoid composition has been attributed to the Golgi appa¬ 
ratus also, but the proportion of the substances are said to be different from 
that m mitochondria It is common knowledge that the ehromophobic 
part of the Golgi apparatus in male germ cells has been long known to 
cytologists under various names, even before the fact that it only forms a 
part of the Golgi apparatus Recently, Poisson (1927) has demonstrated 
this component of the Golgi apparatus by a technique originally devised 
for connective tissue and the detection of mucin Mucin, it will be interesting 
to note, is of a proteid nature and hence necessarily the ldiosome should also 
have a'proteid composition Thus we find that the methods employed by 
the supporters of the Ergastoplasm theory and those who have demonstrated 
the idiosome were identical The reason why it escaped the attention of 
Bowen (1929) who gave a brilliant review of the Krgastoplasm theory as 
also the methods for the demonstration of the Golgi apparatus and the 
idiosome (1928) is due to the fact that he paid little attention to the 
structure of the Golgi apparatus and the mitochondria 

Now it remains to consider the reasons for and against a considera¬ 
tion of the Ergastopla«m as the ehromophobic part of the Golgi apparatus 
and the mitochondria From a perusal of the literature it appears to me 
that one of the serious objections is that the filaments of Solger occur only 
in gland cells, for example in the acinar cells of the pancreas, while the 
mitochondria occur in acinous cells as well as epithelial cells It shoiifd be 
pointed out here that great changes in volume and distribution of the Golgi 
apparatus and the mitochondria occur only in actively secreting cells and 
not in epithelial cells and a perusal of the papers and Text-books on Histo¬ 
logy will show that the shape and complexity of the Golgi apparatus and 
mitochondria vary m sections of a particular organ composed of different 
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types of cells * Thus the objection cited above is of little value A more 
important consideration raised by Benslev (1911) seems to be that the 
filaments of Solger were not seen in hving material whereas the mitochondrial 
filaments were seen when stained with Janus green Bensley (1911) seems 
inclined to believe that the basophile filaments are fixation artifacts due to 
acid precipitation He also suggests the other possibility that the Ergasto- 
plasnuc fibnllsp ma> be imbedded m a substance of the same refractive 
index, and that they may be rendered visible in acid fixations by contrac¬ 
tion On this basis, according to him, it is necessary to assume that the 
filaments are swollen in chrome sublimate ami formalin zenker prepara¬ 
tions, so as to occupy apparently all the space in the cell not taken up 
by the mitochondrial filaments and fat globules Another argument of 
Bensley is that in pancreas fixed in acetic-osinic-bichromate, stained 
in anilm fuchsin and differentiated in methyl green the mitochondrial 
filaments are stained intensely red while the basal substance is gTeen 
It will be seen that these objections are \alid only if both have an inde¬ 
pendent existence When we conceive of the jiossibility of the Ergasto- 
plasnuc hbrillie forming a core to the mitochondria it will be evident that 
the criterion of differential staining in the manner applied by Bensley 
does not convince one that the Ergastoplasmic fibrilbe are artifacts 

Benslev makes a distinction between the filamentous mitochondria 
observed by him and the Ergastoplasmic fibrillae by their obvious structure, 
namely, the mitochondria are coarse and bacillus-hke, while the filaments of 
Solger are fine and often form an intricate skein If the possibility of the 
ehroinophobic part of the mitochondrial filaments forming the Ergasto¬ 
plasmic fibnlls is admitted, then they have necessarily to be fine filaments 

Tims having considered some of the objections we shall pass on to the 
resemblances m topography between the Ergastoplasmic or Solger’s 
filaments and the Golgi apparatus and the mitochondria Bowen (1926) 
and Hirschler (1918) are of opinion that the mitochondria and the Golgi 
apparatus have a lamellar structure This is exactly what has been postu¬ 
lated for the Ergastoplasm by innumerable authors who consider that the 
fibrillar appearance is only the sectional view of actual plate-like structures 
Bensley described mitochondria in the acinar cells of the pancreas a® 
loca&cl for the most part in the basal portion of the cell Recent researches 
on the pancreas by Hirsch (1931 and 1932) and Duthie (1934) confirm the 
above observations of Hensley, but it appears to me that these authors 
have attached too much importance to this basal position of the mitochondria 

• See Ludford, JJi.MS, 1925, Fig. 3, p. 357; C»j»l, Hutches, 1934, Fig. 130, p. 1«7. 
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and attribute the production of prozymogen to the mitochondria. The 
Golgi apparatus is network-like and lies just below the nucleus I believe 
the fact that during secretory activity the Golgi apparatus and mito¬ 
chondria increase in number and sue needs no reiteration and elaboration 
Going further into the resemblances, I find that the earlier workers on 
Nebenkern and Ergastoplasm have emphasized the fact that in cells 
loaded with secretion the Ergastoplasmic fibrilte and the Nebenkerns 
were absent Thus in almost all cases the development of the Nebenkern 
and Ergastoplasm has been viewed as in some sense precedent to the 
synthesis of the secretory material proper It is exactly at this 
stage, prior to and during synthesis of secretory materials that hyper¬ 
trophy of the Golgi and mitochondria occur Thus haling established 
the probability we shall consider the topography It should be pointed 
out here that under the term Nebenkern and Ergastoplasm all sorts of 
curious structures have been described The probability considered here 
19 only that between the proteid structures usually showing basophilic 
reactions and the chromopiiobic part of the Golgi apparatus and mito¬ 
chondria In most descriptions of the Ergastoplasmic hbnllx they have 
been described to have a longitudinal disposition at the sides of the nucleus 
and a transverse disposition below the nucleus Hut even Hensley’s 
descriptions seem to suggest that the images of vSolger's filaments 
ruay not be sujienmposable on the jnctures of the mitochondria and 
the Golgi apparatus obtained in the same cell Here, I believe the cause 
seems to be the principle of fixation Students of cytology will be 
familiar with the fact that the chromosome fixatives are quite unsuited 
for a demonstration of the mitochondria and the Golgi apparatus 
Moreover, solutions containing mercuric chloride and acetic acid do not 
fix fats and lipoids and hence during the various stages leading up to the 
clearing agent these have to escape from the tissue leading naturally to 
the production of currents in the cytoplasm which may lie responsible 
for the production of incorrect pictures of Ergastoplasmic fibrilla; which 
do not fit in exactly with the pictures of mitochondria and the Golgi 
apparatus In this connection Mathews' (1899) observation seems to be 
interesting He teased living pancreas cells of Necturus in saline and while 
observing them under the microscope introduced mercuric chlonde and 
other fixing agents When corrosive sublimate is thus introduced he saw 
these threads rendered visible at the first touch of the fixative, swinging 
rapidly back and forth in consequence, he suggests, of strong osmosis 
Apparently, what he saw was the mitochondria being shorn of its lipoidal 
part 



210 


M. K. Subramaniam 


Conclusion. 

I am giving below diagrammatic representations of the position and 
supposed structure of the Golgi apparatus and the mitochondria (Fig 1) 
os also the ErgastopUsimc fibnlUe (Fig 2) in order to demonstrate the 



the possibility of the chromophobic core of the Golgi and mitochondria 
being the Ergastoplasraic fibrilla? Though only further work on 
pancreas can justify this assumption , is it not possible that what are de¬ 
scribed under the terms Ergastoplasra and Nebenkern may, after all, be the 
eliromophobic portions of the Golgi apparatus and the mitochondria ? 
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In the present note we will give some statements concerning the Hseino- 
parasitology of the Ituliun Birds 

Trypanosoma gymnorhtdis n c p 
Parasite of Gymnorhts xanthucollis, Burton 

This bird, shot at Santo Iistevam, showed us in its blood smears 
besides the Hamoproteus which has already been described and named 
H gymnorhtdis 1 some specimens of a Trypanosome, which will be named 
Trypanosoma gymnorhtdis n sp as up to date no Trypanosome has been 
described in birds of the genus Gymnorhts 

The morphology of this flagellate agrees with the general form of such 
parasites Its protoplasm is not uiiiformlv stained by Romanowslcy stain, 
as in some parts it shows some zones, irregularly scattered, taking a denser 
tinge 

The figure gives a perfect idea of the irregularity of form, number and 
situation of these zones 

Macronucleus central and surrounded by a large clear area Very 
large, it occupies the whole breadth of the parasite, and has an ovoid form 
In onlv one specimen (Fig 3) its situation is rather subccntral, closer to the 
posterior pole The macronucleus has a compact structure in fullv grown¬ 
up individuals It suffers a binary division whose initial process seems to 
begin by a kind of linear split in the middle of the endosomic mass 
(Figs 2, 4) 

The micronucleus is vers small and sometimes not perfectly distinct 
(Fig 2) It is situated at a certain distance of the pointed rostrum-like 
tail of the parasite 
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The axoneme of the undulant membrane is generally in the form of 
a line deeply tinged with blue Even in slides stained by Heidenhain's 
lron-luematoxylin, in BO per cent of the specimens, this organelle does not 
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Trypanosoma gymnorhidts 

show a chromatic tinge In perfectly stained individuals, however, it can 
tie seen, starting from the mieronueleus through a fine thread which 
becomes larger at one to two microns of distance It continues bordering 
the imdulant membrane and does not end in free flagellum 


Measurements of Six Individuals (t n Microns) 


No. of specimens measured 


2 

3 

4 

5 

ft 

Fiom the posterior extr. to the kineto- 
nucleus 

5 

2 

1 

1-6 

6 

1 

ft 

From the klnetonucleus to tropho- 
nucleus 

7 

11 

12 

9 

13 

j 10 

Breadth of the trophonucleus 

3 

2 

2 8 

2ft 

3 

1 2-6 

Free flagellum 

0 

0 

0 

0 

0 

l ° 



further Notes oh the Hamoparasitotogy of the Indian Btrds 2 IS 
Hamoproteid of Halcyon smymensts fusca (Hodd) 

This bird, shot at Santo Estevam, identified bv Dr Bami Prashad, 
has shown an intense parasitism by an Hamoprotetd with the following 
characters ,— 

Sexual dimorphism, the male gametoeytes being colourless or with a 
slightly blue tone not uniformly spread in the protoplasm when stained by 
Romanowsky The small forms are oval and when grown up they arc 
haltheride-like, sometimes surrounding completely the nucleus of the red 
cell as both extremities of the parasite fuse together leaving often a certain 
amount of the red cell body unoccupied The pigment granules are of 
various sizes, often very minute, often large, isolated or assembled in 
dusters, showing, however, when compared with the female gametixyte, 
a tendency to be collected on the poles In small forms one or two granules 
only can be stated, but hi large forms such granules are more abundant, 
specially in those very large, surrounding the nucleus of the red cell and in 
such cases they are scattered all over the body The nucleus of male 
gamctocyte is very large, generally central, rarely sub-central and occupy¬ 
ing a large part of the body, often without definite outline It is stained 
m rose by I/ushmann's stain, reddish by Mav-Grunwald-Giemsa 

With this last coloration the protoplasm of the parasite stains slightly 
reddish violet 

The female gametocyte, oval, fusiform or in the form of a slender 
halthend, when voung, is definitely haltheridic when grown up Often the 
halthendcs are somewhat irregular As in the male gametoeytes, both 
poles of the gametocyte fuse together and surround the nucleus of the red 
cell, when the parasite is fully grown up The protoplasm of the parasite 
is definitely blue with Romanowsky, but the stain is not uniformly spread 
The pigment is black-brown, or coffee-brown as in male gametoeytes, but 
generally with a deeper tinge than m the male With May-Gnmwald-Giemsa 
this pigment in female gametoeytes takes sometimes a purple violet tone 
Its distribution as well as the size of the granules is irregular Some 
specimens show a polar location, but generally subcentral, rather with a 
polar location 

The red cell is generally not altered when the parasite is >oung or 
medium sized The grown-up specimens displace the nucleus of the red cell 
to the periphery. 

We have found some figures (note Tigs a and b) which could not be 
correctly interpreted Besides the nucleus, thev contained small rose 
corpuscles, which were not however of nuclear nature 
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HctmoproWus II 


Iu specimen c, we have a very nice tvpe of accolement of two female 
haltlierides, which could be mistaken for a nuclear division 

The outline of both these parasite, was clear enough for giving evidence 
of such accolement 

Classification 

Hamioprotclds have been described in 
Halcyon lindsayi bv Hegner and Chu, 1930 * 

Halcyon senegalensis by Theiler, 1930 * 

Halcyon smymensis (1915) by de Mello, the parasite having been 
named HcemoproUus hakyoms ♦ 

Our parasite is not perfectly the same as H hakyoms from Halcyon 
smyrnensis We believe that it constitutes a mere variety which will be 
named Hamofirokus hakyoms fusca 
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A New Murofilanum of Ardeola grayt Sikes (shot at Santo Estevam) 
Provided with a conspicuous sheath this mitrofilarid shows its contents 
packed up in an uniform band-like structure without am distinct separation 
between them Its cephalic extremity often does not show anv sheath 
appendix and tljc nuclear mass begins immediately behind the membrane , 
sometimes a small clear zone, where one or more granules are noticed, 
marks a rudiment of anterior sheath, which, in other specimens, is elongated 
as a glove finger and shows the same structure as the posterior appendix, 
generally fairly constant and much more developed The posterior extre¬ 
mity of the nuclear mass may be roundish, twisted 01 abruptly cut No 
definite «pot is seen in the body only a split like lntcriuption is found m 
the centre and rarely near the posterior end 

The sheath appendices are very curious elongated as a glove finger 
and showing minute gtanules, scattered all over, fibrils irregularis twisted 
and patches of substances taking a violet stain with Rommiowsln, whose 
location defies every' description and is well figured in the illustrations 


Measurements in Microns 


No 

Total 

length 

Body 

length 

Breadth 

Breadth 

of 

sheath 

Ant appendix of 
the sheath 

Post appendix of 
the sheath 

Length 

Breadth 

Length 

Bread tli 

1 

102 

122 

3 5 

5 

40 

4 

- 

! - 

2 

231 5 

193 

3 5 

7 

35 

6 

3 

2 5 

3 

118 

108 

4 

5 5 

10 

5 5 



4 

216 

150 

3 5 

5 

66 

5 

- 

- 

S 

198 5 

110 5 

4 

4 5 

56 

7 

50 

5 

6 

221 

131 

4 

6 

01 

4 5 

42 

5 

7 

229 

144-5 

3 

6 

3 75 

7 

47 

12 

8 

169 

115 

3-5 

5 

56 

5 

6 

3 





Microfilarlm* Htuai. 
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The senior author lias described a raicrofilariuni of this bird under the 
name Microfilartwn ardenlce 1 The present miorohlarium is a different 
species which we will name Mtcrofilanum Umai sp n as ail homage to 
Prof J A Pires de I,tma, from the Faculty of Medicine of Porto 
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Over fifty pet cent of the specimens of the Pentatomid bug Aspongopus 
obscurus (Fabr), kindly identified by Dr Balm Prashad from the 
Zoological Sumy of India, harbour in their intestinal tract a small cerco- 
monad which will be described in this jmper. 

In living condition one cannot trace but the movements of the flagellate, 
whose structure, often very difficult to interpret on account of the small 
size of the parasite, is fairly well seen in material fixed by sublimate alcohol 
or Bourn and stained by Heidenham's iron-lueniatoxylin. 

The general morphology of the parasite is oval, rarely pyriform, the 
posterior pole having a pointed apjiearance (Fig 10) The membrane is 
of periplastic nature in active forms, the cytoplasm contains often some 
inclusions of, probably, nutritive material (Fig 2). The nucleus is oval, 
of protokaryon type, surrounded by a strongly siderophyl membrane and 
occupies a more or less central position (Figs 1, 2) On the anterior pole 
there is a rather large blepharoplast, which seems to us constituted by the 
fusion of at least two granules, whose union, in such case, takes the 
apjiearance of a rod (Fig 4) From this blepharoplast start three flagella : 
two very thin, having an equal size and directed forwards, one thicker, 
of cercomonadic type, adhering to the body which it crosses and becoming 
free on or near the posterior pole 

The division occurs by mitosis and shows the following phases:— 

(а) Premitotic stage where the nuclear karyosome becomes a sort 
of dust filling completely the endosome (Figs. 3, 9) giving, on a further 
stage, origin to spireme (Figs 11, 4). 

(б) Mitosis where only the following stages could be observed: 
prophase, with 4 chromosomes and telophase (Figs. 6, 0, 7, 8). 
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The baso-flagellar apparatus suffers also a division, the daughter 
granules being attached by a desmose (Figs 8, 9, 10, 11) 

The nucleus in mitosis is considerably enlarged and occupies various 
positions whose meaning remains for us obscure 

We have not been fortunate enough to find figures with the division 
of the posterior cercomonadic flagellum. 

The encystation of the flagellate occurs m the following way the 
membrane becomes much thicker than in active forms, the flagella 
suffer a kind of reabsorption, the remains of the cercomonadic flagellum 
being the last to disappear The nucleus seems to increase and the 
karyosome is reduced to chromatic dust It is quite possible that some 
process of division occurs also m the cystic stage, but we have no definite 
evidence on this point 

Measurements —Five flagellates were measured and the statements 
(m microns) arc contained in Table I 

Classification —Our flagellate belongs to the genus Trtmttus Alexieff 
1910, sp. typ. Trimttus motelia, parasite of the intestine of the marine 
fish Motelia tricirrata 
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TABI.E I 


No 

Long axis 

Breadth 

flercomonadH! | 
flagellum 

Ant 

flagella 

Nucleus 

1 

4-5 

4 

0i 

5 

1 6 

2 

3-5 

3 

71 

4 

1 

3 

3 

2-6 

6 

4 

1 

4 

6 

4 

15 

5 

2 

5 

3 

2-6 

7 

3 

1 


The characters of the genus Trtmttus are two anterior flagella and 
one posterior, this one, thicker, of cerconionadic tyiw, and with its axoneme 
crossing the bodj Nucleus anterior, subterminal, one basal granule 
giving rise to tin. three flagella 

Tilt other peculiarities which we find in Went on 1 describing the 
7 rtrmtus motelhr. such as the length of the posterior flagellum, 4 to 15 times 
longer than the body and that of the anterior flagella, one of which has the 
same length as the body and the other, half of this length, must be con¬ 
sidered as sjietific characters of T tnolellcv 

We do not attach also great importance to the number of the basal 
granules In man> of these small flagellates, wc have seen that such 
organelles, even when seen under the appearance of one unit are, in reality, 
provenicnt of the fusion of more than one basal granule, tlicir anatomic 
independence being often seen onlv in mitotic phenomena, 

In 1919 Chalmers and Pckkola* dcsenbed under the name of 
Dicercomonwi soudanensts, renamed afterwards Dtploccrcomonas sudanensis, 
a flagellate in human faeces much similar to Trtmttus Weuyon 1 
having examined the original films of those authors, states that they 
were cither Embadomonas tntesltnahs Wenyon & O’ Connor (1917), either 
Trtccrcomonas inteshnahs W & O Con , 1917 If these statements 
are correct Dtploccrcomonas becomes a rtomen nudum If Chalmers and 
Pckkola are right in their description. Dtploccrcomonas becomes a synonym 
of Trtmtlus 

The generic name Trtmttus must be defined in the Scnsu Alexieff (1910) 
and not in the meaning which was given to it by Duboscq and Grass4 in 
1923 The so-called Trmitus of these French authors has been shown by 
Kirby Jr * and de Mello* to belong to the genus Trtcercomiius Kirby (1930) 
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The species we are describing now constitutes the second one belonging 
to the genus Trtmiliis We dedicate it to Dr TJ Rama Rau, the distinguished 
Director of the “Antiseptic” from Madras and President of the Legislative 
Council of that Presidency It will be named, therefore, Trtmitus 
Tamar am n sp 

BIBLIOGRAPHY. 

1 Wenyon, Prolosoology 

2 Chalmers, A J , and Pekkola W, “ Ihfiloe^reomonas soudanensxt ,” Jaur r f ofi 
Med, and Hyg 1919, 22, 190. 

3 Duboscq ami Grass*. " Sur quelques protistes d'un Calolermes lies lies Loyally,” 
Pretataloytca, 1929, X* 

4 -, “Note sur Ics protistes parasites dcs Termites dc Prance It Sur 

Involution de Jamckidla grassn Dub and Or Comfit Rend So, lUol, 1924, 90 

5 Kirby Jr, H H , “ Trishomonad flagellates from Termites I. truercomilus gen. 

nov. and UesamasUx Alex Vmv of Cal,forma Put,I Zoology, 1930, 33, 19 

6 de Mello. Froilano, “Sur un petit flagella i cariclercs fixes intrrm*diairex entre 
les genres Trtmtlus Rulrnhamaslt r et ll.i cseovina" Sctima Reunion <U h Souedad. 
drgeuluta de Palologm ngionol del uorte Buenos tires, 1933 Seg undo milad 907- 17. 



ON THE NECTAR SECRETION IN THE COCONUT 
FLOWERS ( COCOS NUCIFERA, LINN.)* 

By G V Narayana, B Sc (Ag ) 

{From I he AarUullural Research InHilute, Coimbatore.) 

Received June Id, 1937 
(Communicated by Dr J S. Patel, tt sc, rh.o.) 

Since the floral nectaries have an important bearing on the mode of 
pollination, the study of the nectar secretion in the coconut flower was 
pursued Petch (1913) has recorded the secretion of nectar from three 
nectaries at the base of the teeth of the pistillode He has also mentioned 
the existent c of numerous pores which exude a sweet fluid Sampson 
(1923) has observed that stigmas when receptive “ have a sticky viscous 
surface m the tnradial opening and that honey is secreted by glands at the 
base of the ovary whose duets open near the apex of the fruit coat 
Huggins (1928) has also observed the presence of nectaries in both the male 
and the female flowers Mareihal (1928) has recorded the secretion of a 
sugary fluid from the numerous pores situated round below the stigmas 
In the course of the work carried out in this laboratory (Patel, 1937) the 
presence of three intercarpellary channels which themselves secrete honey 
was revealed 

Material and Methods 

Male aud female flowers m the ordinary tall type of palms under 
observation were removed from the floral axis at the time of honey secre¬ 
tion The ovary was fixed in small pieces, but the pistillodes from male 
flowers were fixed in toto Forinalin-acetic-alcohol was used for killing and 
fixing After washing in water, dehydrating in graded scries of alcohol 
and clearing in grades of xylol or chloroform, the material wa* infiltered 
with and embedded in paraffin in the usual way. Serial sections 10-15 p 
were cut from the base to the stigma of both the ovary and the pistillode 
Sections were stamed with safranm and Delafield's hamatoxylin, and 
safranm and light green Suitable Wratten 1 M * filters and point light 
were used m taking photomicrographs; uniformity of focus in the field was 
obtained by the use of photo-eyepieces (Zeiss), Freehand sections were 
made use of extensively for rough examination 

* Contribution No. S of the Oil Seeds Section, Department of Agriculture, Madras. 
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Observations 

Male Flower ,—A deaf, sweet fluid is secreted from the tnnulial open¬ 
ing of the pistillode teeth when the flower opens. The test with Fehhng's 
solution revealed the presence of sugars in the fluid Secretion is more 
profuse towards the evening A delicate scent is also perceived Bees 
and ants are some of the more frequent insect visitors 

Serial sections of the pistillode cut from the bottom to the top just 
at the time when the secretion occurs, reveal three intercarpellary or septal 
glands They are narrow, short and free at the base of the pistillode but 
meet a little way up m the centre and appear like one entire structure with 
three radiating branches, corresponding to the three carjiels of the pistillode 
(Fig 1) The secreting surface consists of a closely packed pahsade-hke 
cells with rather large nuclei, dense granular cytoplasm and thin walls 
The gland increases in breadth radially and extends upwards to the bases 
of the pistillode teeth where it opens between the teetli fFig 2) in the 
tnradial orifice 

Female Flower —After all the male flowers are shed, the female flowers 
become receptive, The stigmatic region emerges out of the perianth lobes 
As the stigmas become receptive, a sweet fluid collects on their inner 
surfaces. A little below the stigma, there are three orifices (Fig fa, no 9) 
1-2 inn long Kach orifice (Fig 6, no 9 , Fig 3) is a minute opening alter¬ 
nating with a stigma Sometime after the stigmatic secret loq^commences 
a large drop of nectar collects at each of these three orifices 

Freehand sections “bowed the nectar oozing from three different 
centres within the ovary (Fig 4) F,ach secreting area is situated in between 
the margins of carpels in a line with each of the arms of the central radial 
canal (Fig 6) Secretion is most profuse midway between the stigmas and 
the base of the ovary, and it is very scant (1) in the region of the ovules 
and (2) in the region between the stigmas and the orifices It is completely 
absent at the base of the ovary below the ovules 

Sampson makes mention of three honey glands at the base of the 
ovary, the " ducts ” of which open near the apex of the epicarp In view 
of the work reported m this note, it is clear that there are no glands at the 
base of the ovary and the “ ducts ” are the nectaries. 

The course of the septal glands is indicated in Fig 0 The shape of 
the gland is like a canal or duct branched and compressed laterally. It is 
narrow at the upper and lower extremities but broad about the middle 
(Fig 6) Near the orifices, the glands take a very superficial course and 
are, therefore, indicated by slightly swollen streaks on the pericarp 
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Fig fl¬ 


ex tend mg to the stigmas The gland is lined by closely packed palisade-like 
secreting cells, as m the male flower and surrounded by a tissue of paren¬ 
chyma (Figs 7, 8) The nectar from these glands oozes out through the 
three orihces, mentioned above 

The stigmatic secretion which starts a little earlier than that of the 
septal nectaries is effected bv the epidermal cells of the inner face of the 
stigma The triradial canal (Fig 5) in the centre of the ovarv where three 
carpels meet and which extends from the stigma to the ovule bearing region 
at the base of the ovarv does not appear to take part in secretion 

Fetch has mentioned the presence of numerous pores below the stigma 
" The position of the pores is indicated by whitish spots ” round about the 
base of the stigma Microscopic examination of this region shows a large 
number of closely packed needle-shaped crystals (calcium oxalate) in shallow 
depressions on the epidermis, which is provided with secretory cells (Fig 9) 
These cells exude a liquid which on drying leaves incrustations of crystals 

The inner tissue of this region is made up of a mass of parenchvmatous 
cells with a mimbeT of scattered, young vascular strands without any 
secreting elements But the epidermis consists of closely packed, conspicu¬ 
ously elongated cells. These belong to the category of trichome type of 




On Nectar Secretion in Coconut Flowers (Cocos nucifera, Linn ) 227 


multi-cellular hydathodes each consisting of a group of 4 to 10 cells, with 
a narrow base, round head and thick outer wall 

Fetch has further recorded that the secretion from thise "pores” 
(which are now found to be the secreting elements) forms a ring of liquid 
preventing the ants from reaching the stigma hi the nulen.il examined 
in the present investigation, this exudation was found to occur long before 
the stigmas became receptive The liquid had evaporated and minute 
deposits of cr\ stats (white specks) were found a week prior to the opening 
of the stigmas It is, therefore, very Ukelv that under South Indian condi¬ 
tions the ring of fluid does not exclude the ants from the wmk of 
pollination 

Discussion 

ICnuth (1909) has stated that the species of genus Cocos are anemo- 
philous, but the subsequent investigators have reiogmaed the importance 
of insects m addition to wind as pollinating agents in the coconut The 
secretion of nectar b\ the male and the female flowers as also tile sweet 
scent of the inflorescence show that the flowers are partuularlv adapted 
to attract insects But there seems to lie a difference of opinion as regards 
the part played by ants in pollination Fetch and Huggins have rejected 
the possibility of ants acting as agents in pollination, because of their 
inability to cross the ring of sweet fluid ami reach the stigma It has betn 
shown that the ring of liquid disappears long before the stigmas become 
receptive Furtado (1923-25) has shown that ants do help in the pollina¬ 
tion of the coconut flower Kidavu and Natnbmr (1925) observe that ants 
very probably help m transferring pollen 

Septal glands similar to those found in the coconut flowers are reported 
to occur in Ltliflora aud Scttaminea Haberlandt states " The septal 
nectaries which occur among Ltliflora and Sctlamtnea belong to the category 
of internal glands According to Orassman, they arise by the partial 
non-coalesccnce of the margins of adjacent carjiels When fully developed 
the} consist of branched or unbranched canals and crevices in the substance 
of the pericarp, lined bv pajnllose or palisade-shaped secretory elements 
Special outlets are provided for the escape of nectar " The “ remarkable 
extra-nuptial nectaries ” found at the base of the petiole in the genus 
Fagrea has, according to Haberlandt, some points in common with the 
septal nectaries Here the “ palisade-shaped secretory cells enclose a rnvit} 
which ramifies more or less extensively in the substance- of the leaf and 
opens outside by a passage ” The septal or intercarpellary nectaries of 
the coconut are exactly like those of Ltliflora and Scttaminea quoted above 
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and bear a remarkable likeness to the extra-nuptial gland in Fagrea figured 
by Habcrlandt. 

Eames and Mac Daniels say “ that the secreting cells of the stigmatic 
surfaces are of the same nature as those of nectaries ... In all prob- 
abihtv the majority of the nectaries are phylogenetically derived from 
hydathodes ” This would mean that the secreting cells of the stigma and 
nectaries, and hydathodes are closely allied Thus in the coconut the 
secretory cells of (1) the septal nectaries, (2) the base of the stigma, and 
(3) the stigmatic surface, may be essentially of the same origin though of 
different shape and sixe That the secretory cells of the stigma, and the 
hydathodes are of epidermal origin is obvious from their position As 
regards the septal neotanes it may be seen that since they arise b> partial 
non-coalescence of the margins of adjacent carpels they also are of epidermal 
origin 

Summary and Conclusions 

(1) Septal nectanes and hydathodes arc for the first time reported in 
the coconut 

(2) Nectar is secreted bv the stigmatic surface and by three septal 
nectaries which arc provided with outlet-, below the stigma There are no 
secreting glands at the base of the ovary 

(3) The epidermal hydathodes exude a liquid m the region below the 
stigma Under South Indian conditions, in the tall type of palms, this 
exudation occurs before stigmatic receptivity, and does not exclude ants 
from reaching the stigma 

(4) In the male flowers also the secretion of nectar is effected by septal 
nectaries situated in the pistillode 

The author's thanks are due to Dr J S Patel, the Oil Seeds Specialist, 
for much valuable guidance during the course of the work 
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In 1928 Handa described certain spore-like bodied in a secies of Oalogonium 
which be diagnosed as akmetes The present author also came across «uch 
bodies in a fertile species of Oedagottium last year 

1'hcse sjKirc-Iike bodies are '20-24 p broad and 30 72 /t long, and are 
obovoul in shape Unlike those observed bv Handa, these Ixvlies were 



(o) Show* two recently divided cell* with »plano»pores, (b) and (c) Thick-willed 
»pl»nosporei m vegetative cells AH X 660 
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always found singly inside each cell and never In pairs In some cases 
they have a thick walled covering (Figs b and c), and in one case where 
these were found insulc two recently divided cells, the covering wall was 
very thin (Fig a) 

The morphology and origin of these spoie-like bodies is interesting 
Handa collected his material from a lully place in southern Shan States 
of Burma, and surmised that a high altitude with its accompanying low 
temjieraturc mav influence then production 'The material described in 
this paper was collected from the plains of the Punjab from a pond in 
Koshiarpnr District in the month of March 1030 So by no stntch of 
imagination can out ascribe tlitir formation to low tcmjierature and high 
altitude 


In the chapter on "Vegetative and Asexual Reproduction of Oedogo- 
mates ” m his Structure and Reproduction of the 4lg<e, Putsch states 
in a foot-note, " Handa’s record of such stage ( referring to resting CHI',) is 
open to doubt, as the presence of a parasite is to be suspected ” As to 
what the grounds are on which such a suspicion is based, none arc given 
Chvtridiaceous fungi which are common parasites of some species of Sptrogyra 
and Oedogonium, are usually globular in shape and nutch smaller in 
size None of these fungi were noticed in the present material So to call 
these spore-like bodies as fungi or to suspect their origin elite to fungel 
organisms seems rather far fetched 

How far is it right to call these bodies as akmetes is also open to doubt 
Akmetes are usually produced by the transformation of whole cells bv the 
secondary thickening of the cell-wall as in Pithophora, Oedotladtum and 
Zygnema gtganieum In this case these spore-hke bodies are formed inside 
individual cells by the rounding off of the contents and not by the thicken¬ 
ing of the walls of the mother cell Most probablv these are zoospores, 
which having been unable to escape due to certain circumstances, have lost 
their flagella and developed thick walls This is apparent from their 
resemblance in shape with immature zoospores as seen in Fig a Hence 
it is more appropriate to call these bodies as “ Aplanospores " rather than 
" Akmetes ” As to whether these aplanospores are capable of germination 
and producing new individuals can onlv be found by further observations 


and experiments 
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1 Short History and Introduction 

Before the extensive survey of Sind by W T Blanford* and Fedden in 
1872-74, the stray collections of fossils made by Blagruve and by Capt 
Vieary wtre described by d’Archiac and Hairae,* who had assigned a lower 
Tertiary age to all the Tertiary formations of Western India Later work, 
however, by Prof Jenkins” on Vicarya vermuth, and the associated forms 
definitely proved the existence of Miocene beds in Sind 

Of the large collection of fossils made by Blanford and Fedden, during 
their survey, the Foramiiufera were worked out by Prof R. Jones, Corals 
were studied by Duncan ,“ while the Ecbmoids and Mollusca were provi¬ 
sionally identified by Blanford and Fedden—Echtnoids were revised by 
Duncan and Sladen, 11 and the Mollusca were described by Cossmann and 
Pissarro, w Vredenburg*’' 4 * and Douville 1, * u 

With the idea of doing more detailed and systematic stratigraphical 
work on lithological and palaeontological bases, a large collection of fossils 
was made, bed by bed, from the neighbourhood of Bagatnra (lat 26° 21' 
long 07° 55') and the dome north-west of the village of Laki (lat 26° 16' 
long 67° 57') * 


• The collection party consisted of the late Prof. K. K. Mathur and Messrs. Q W. 
Chiplonker, M L. Mura and V. Bbaiker Rao. 

N B .—The following general sequence in the tertiary formations of North-Western 


India is given for the sake of convenience. 
Manchhar f Upper 
Series l Lower 
Gai Series 
Nari | Upper 
Series 1 Lower 
(Upper 

1 Middle I 

Series (L ower (absent in Sind)) 

Laki Limestone 


Lower Pleistocene 
Upper Miocene. 

Burdigalian 

Aquitaman. 

Stamp ian 

Upper Lutetian and 
probably Bartonian. 
Lower and Middle Lutetian. 



ERRATA. 

Vot VI, No 4 , October 1937 
Page 232, line 21— 

for Vredonburg*’ - ** read Vredenburg*" -411 


Pago 246, Sporieg No 61— 

for Mngiiiixptrula, Haeeo, var bagatorenmt, var nov 
react „ magntwper ula, Haoeo, var bagatoreneu, var 
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The present paper rs intended to communicate the results of the palae¬ 
ontological study of Gastropods from the two above-mentioned localities 
Other groups of fossils represented in the collection are P'oramimfers, Corals, 
Echinoids, Lamelhbranchs, Nautiloids, vertebrate teeth and bones and silici- 
fied wood 

11 Description of Species 
Family TURRITID/E, H and A Adams 
Genus 'f orricui.a, Herrmann. 1783 
Turrtcula laktensis, sp nov 
PI XVI, Pig 1 

The solitary specimen has a rather slender spire with three whorls, 
shouldered at a little distance from the posterior margin Height of spire 
whorls is about two-thirds of the width Posterior to the shouldering the 
whorls are nearly flat, and convtx anteriorly 

Ornament consists of prominent axial ribs, seven or eight pir whorl, 
crossed bv spiral threads alternating in two si«s 

Body whorl is large and much inflated, and passes through a slight 
concavity, into the terminal stem (terminal portion of the body whorl was 
slightly damaged due to scraping before the specimen was photographed) 
Aperture is angulated posteriorly to the shouldering Anteriorly, the 
outer lip runs nearly vertical and suddenly turns towards the terminal 
stem, giving to the ai*rture an elongate ovate outline Height of the 
aperture is about two-thirds of that of body whorl The inner lip is well 
defined, rather tbm and deflected to the left at the beginning of the posterior 


Height of the spire • 18 mm 

Height of the body whorl . 26 ,, 

Width of the body whorl 17 „ 

Height of the aperture 17 ,. 

Width of the aperture . . H •> 


Comparison —Very close resemblance is offered to the present specimen, 
by Stwcula ( Pleurofusia) scala, Vred , Var ? from the Miocene of Myanktin, 
Burma," but the Sind fossil differs in having a shorter spire, the penulti¬ 
mate whorl markedly smaller than body whorl and the inner lip receding 
to the left a little sooner 

Occurrence —The middle division of the Upper-Middle Kirthar of Taki- 
Dome, north-west of Laki village, 
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Family CONIDiE, Adams 
Genus Conus, hmnseus, 1768 
Conus vredenburgt, sp nov 
PI XVI, Fig 2 

The conical spire shows three or four whorls with height about one- 
fourth of their maximum width, corresponding with the anterior margin 
Spire angle is about 63° Whorls are angulated anteriorly at about one-third 
height Region anterior to the angulation is sub-vertical, while the posterior 
region is conspicuously concave The shghtlv raised posterior margin and 
the angulation give the uppearance of two closely situated cords winding 
round the spire upto the a]H*x This two-cord structure is likely to suggest 
Mx or eight spire whorls On the concave posterior slope, fine, crowded 
growth-lines arc concave forward They are aiitecurrent to the angulation 
and retrocurrent to the posterior margin They give to the angulation 
and to the posterior margin an aspect of a row of scaly plates facing 
backwards 

Body whorl is conical with feeble convexity Here the growth lines 
are convex forward Anteriorly to the angulation, body whorl is decorated 
with rather broad, almost flat, ribbon-like spiral threads alternating in two 
sizes to which the fine growth-lines give a rope-like appearance Angle of 
the body whorl is about 19° 

Comparison —Due to the two-chord aspect of the spire-whorls, the 
present species resembles Conus (Leptoconus) brochhi (Bronn)“, the latter 
has, however, wider spire angle, taller spire, wider angle of the body whorl 
and no rope-like decoration on the body whorl 

Occurrence —Middle division of the Upper-Middle Kirthar of Uaki-Dome 
north-west of I,aki village , 

Family VOLUTIMS, Gray 
Genus Voluta, Lmnfe, 1768 
Voluta sp indet A 

The two fragmentary specimens show a very low spire and the axial 
ribs of the body whorl, giving rise to prominent spines at the posterior 
margin These specimens show some resemblance to the Alpine V ban - 
corum, Opptnheim,*- * which however, has a slightly taller spire 

Occurrence —Nari Zone 4 B and 4 A of the hill west of Bagatora 
Railway Station 
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Famtly CYMATIIOE 
Genus Sassia, Bellardi, 1871 
Sassia tttdtca, Vrcd var bagatorensts, var nov 
PI XVI, Pig 9 

This variety differs from Vredenburg's species** in having nearly twice 
(te ,22 to 24) as many axial ribs as the species is described to have 
Occurrence —Nan Zone No 2, from hill west of Bagatora 
Famtly CASSIDID/E, Adam 
Genus Cassidaria, Lamarck, 1812 
Casstdana archtact, Coss and Piss 

1863 Casstdana cannata, Lamarck, Descr an foss gr Num Inde , p 317, 
PI XXXI, Fig 1 

1909 Casstdana archtact, Coss and Piss , Pal Ind , n s , V ol III, Mem 
No 1, pt 1, p 39, PI IV, Figs 8 and 9 
1928 Casstdana archtact, Coss and Piss , Pal Ind , n s , Vol X, Mem 
No. 4, p 45 

If the specimens, representing this species, from the Upper Ramkot 
series, the Laki Limestone and the Lower division of the Upper-Middle 
Kfrthar be arranged in senes their spire shows a progressive shortening as 
we come up to the younger formations 

Occurrence —Laki Limestone and Lower division of the Upper-Middle 
Kirthar of Laki Dome, north-west of Laki village 

Family APORRHAID2E, Philippi 
Genus Aporvhais, de Costa, 1778 
Aporrhats laki easts, sp nov 
PI XVI, Fig 6 

The spire is slightly conoidal and rather short, about two-fifths of the 
total height, consisting of four or five slightly convex whorls Height of 
the whorls is about two-fifths of their maximum width, situated at the 
anterior margin Spire angle is about 76° Whorls are decorated with 
thick spiral threads nearly as broad as the intervening spaces 

Dorsal ovoid bulge of the body whorl passes nntenorly into an excava¬ 
tion at the neck At a short distance from the posterior margin a prominent 
keel separates the posterior concave region, carrying thick spiral threads 
thejse on the spire-whorls Anteriorly to the keel threads are spaced 
at about twice their width 
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At the narrow aperture the keel is turned suddenly towards the apex 
reaching a little beyond the posterior margin of the third spire whorl, thus 
showing the extent of attachment of its wing 

Following are the dimensions of three of the specimens representing 
this species — 

Total height 63 mm 76 mm 60 mm 

Height of spire . 26 ,, 36 ,, 23 ,, 

Height of body whorl 46 ,, 60 „ 40 ,, 

Maximum width .. 38 ,, 43 „ 37 „ 

Comparison —This sjiecies may resemble, at first sight, the Ranikot 
fossil C henopus dtmorphospira, Cossmann and Pissarro 10 But the latter has 
a narrower apical angle of about 43° and taller and fewer spire-whorls 

Occurrence —Laki Limestone and Lower division of the Upper-Middle 
Kirthar of Laki Dome, north-west of Laki village 

Family CERITHIIDAS, Fleming 
Genus Cerithium, Brug 
Cerilhtum sp indet A 

The three incomplete specimens have an apical angle of 10° or 17° , 
height of whorls is two-thirds of their width , sutures are situated in shallow 
sulcus Whorls are nearly flat and tarry five granular spiral threads, 
sub-equal and sub-cqtially spaced, the anterior-most thread becoming a little 
prominent , two of the specimens show a feeble sixth thread near the 
posterior Suture of the later whorls 

Comparison —These specimens resemble Centhum vivartt, mut alpmum 
from the Priabonien and Oligocene of the Alps * Better preserved material 
is, however, necessary to identify these specimens with any known species 

Occurrence —Nan Zone, No 1 and No. 2. from hill west of Bagatora 
Railway Station 

Genus Bellardia, Mcyer-Eymer, 1870 
Bellardia coxt, sp nov * 

PI XVI, Fig 4 

1930 Bellardia (?) sp mdet, Pal Ind , ns , Vol XV, pt VIII, p. 145, 
PI XVII, Fig 9 

The single available specimen has only three of the spire whorls and 
the body whorl Apical angle is 26° Height of the whorls is about two-fifths 

• Tbit tpeeiet it aimed after Mr L. R. Co* who had firtt recorded It from Samana 
Range. 
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of their maximum width corresponding with the anterior margin Whorls 
are nearly flat ornamented with sixteen axial ribs, ninth narrower than 
the interspaces on the later whorls, but equal to them on the early whorls, 
their number thus remaining constant throughout, ribs become less and 
less significant towards the later whorls Five spiral striations cross the 
nbs giving rise to feeble elongate nodes Posterior margin is immediately 
followed by a circumsutural ribbon formed by a narrow, shallow groove 
crossing the axial nbs 

The convex base is much depressed and carries several spiral threads 
At about 200° from the aperture, there is a conspicuous vanx, and another 
on the second spire whorl, the presence of varices on the intermediate 
portions cannot be ascertained due to hard incrustation 

Remarks —This specimen is identical with the Samana Range fossil 
desuibed by I, R Cox. except the spire angle which is 20° m the latter 
This difference, however, would not separate Samana specimens from the 
present one 

Occurrence —The Nan Zone No 2. from hill behind Bagatora Railway 
Station 

Genus Tymp\notomus. Adams 
Tympanotomus sub-lsvis, sp nov 
PI XVI, l«ig 8 

The shell is moderately sized, scalanform with apical angle measuring 
22° Whorls are one-third as high as their width, and carry two prominent 
spiral threads ; alternating with these on their anterior side are two threads 
of a little lesser significance, while a still finer thread passes medianly 
Postenor margin of the whorls consists of a broad band twice as broad as 
the prominent threads 

Comparison —This species differs from the associated T Is vis, Vred « 
by the number, the disposition and the degree of differentiation of the spiral 
threads, as also by its wider apical angle 

Occurrence —Nan Zone No 2, from hill behind Bagatora Railway 
Station 

Family TURRITELUD/E, Gray 
Genus TuRRiTEixa, Lamarck, 1799 
TurrUMa magnasperula, Sacco, var bagatorensis, var nov. 

Pi XVI, Fig 3 

Shell has a fairly steep apical angle Height of the whorls is a little 
more than half their width The sub-vertical anterior part of the whorls 
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carries three (or four) very prominent threads, posteriorly to these is 
a region of fair width Here due to unfavourable preservation it is difficult 
to observe any ornamentation Region posterior to this carries five or s»X 
spiral threads which are of lesser significance and also more close-set than 
those of the anterior region After this a short slope reaches upto the 
suture , a corresponding but wider slope near the anterior margin carries 
two threads sub-equal to those of the posterior region 

Comparison —Prom T magnasperula sacco var crassonngulata Vred 44 
The present specimens differ in having three or four prominent threads in 
tlie anterior region, wider apical angle, two thrends on the anterior Blope 
and five or six threads on the posterior region of the whorls 

Occurrence --Nan Zone No 1 and No 4 C, from hill behind Bagatora 
Railway station 

Turrtlella stndtensts, sp nov 

PI XVI, Fig 6 

The shell is fairly stout, with apical angle measuring 20° or 21° Height 
of the whorls is about half the greatest width corresponding with the 
anterior keel situated at one-third the height of the whorl A smaller keel 
passes at about two-thirds the height of the whorl The slopes flanking 
both the keels are feebly convex, except immediately at their bases where 
they are sharply concave a thread passes close to this concavity Both 
the margins have a spiral thread closely following them Sutures are deeply 
incised The shell gives the general appearance of a Pagoda 

Comparison —This species has a very characteristic appearance, but 
when ornamentation is effaced, it might resemble T. ramkoti Vred var. 
letlanensts, Vred. 44 from Upper Raiukot beds, the present form, however, 
has a wider apical angle , the region between the two keels slopes posteriorly 
and carries no threads, while the corresponding region in the Ramkot 
fossil is com ave and carries three spiral threads 

Occurrence —Nan Zone No 1, No. 2 and No 4 B, from hill west of 
Bagatora 

Genus Mesaixa 
Mesalta tncarinata, sp. nov. 

PI XVI, Fig, T. 

The shell is stout, the spiral angle measuring 20®, Whorls ate strongly 
convex, with height about two-thirds of their maximum width corresponding 
to the median spiral thread. Sutures are deep Whorls carry three promi¬ 
nent threads almost like keels, equal and equally spaced from suture to 
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future. The concave intervals carry two to four very fine intercalary 
threads. The convex base carries two threads additional to those continued 
from the spire whorls Aperture is sub-circular to oval. 

Comparison —This species resembles Mesalta cochleala, (Br) var 
(ratsoctncaia, Sacco ».*• The latter, however, has its whorls less convex, 
sutures a little shallow, narrower apical angle, and spiral threads more 
numerous and differentiated Mesalta factata, Lamarck, from the Cardita 
Beaumonti beds,’*’ 11 has its whorls much less convex 

Occurrence —Nan Zone No 1, No 2 and No 1C, from hill west of 
Bagatora 

Family F.USPIRIDAv 
Genus Ampuujna, Lamarck, 1821 
Ampulltna, sp indet A 

The two fragmental specimens representing this spedes have a large 
sub-oblate body whorl, with the greatest convexity nearer the interior 
margin than the anterior extremity As judged from the disposition of the 
more or less flat penultimate whorl, the spire should lie rather low and 
depressed with wide apical angle Aperture is sub-circular The callus 
" limb '' is not clearly seen 

Comparison —In general aspect these specimens resemble the Pnabonien 
and Bartoman Alpine fossil Nattca (. Ampulltna) picleti, Herbert and 
Renevier" from which they differ by shorter (?) spire, a smaller sub-angu- 
lated aperture, more depressed whorls and more inflated body whorl 

Occurrence. —Nan Zone No 2 and the upper division of the Upper- 
Middle Kirthar of the hill west of Bagatora 

Family EPITONIIIhB 
Genus Epitonium, Bolton, 1798 
lipitomum malhun, sp nov * 

PI XVI, Fig 10, 

A single specimen represents this species It lias five strongly convex 
whorls, about half as high as their maximum width situated medianly 
The slightly oblique, acute axial threads are thirty or thirty-two per whorl 
The seven spiral threads, of about the same magnitude, as the axial ones, 
are equally spaced from suture to stitnre, and give rise to minute tubercles 
at points of their intersection with axial threads Fine spiral intercalary 

• This species Is named siter the Ute Prof, K, K Uathar, 
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threads bisect the spiral intervals, which are narrower than the axial ones. 
Sutures are deeply incised Spiral angle measures 18° 

Comparison —Scala gajensts Vred ** from the Gaj Beds of Kachh differs 
from the present «pecies, in not having the spiral threads , while Scala 
sub-tenutlamella, d’Archiac and Haime,*- 44 from the Gaj Beds of Sind 
has its whorls angulated, a smaller apical angle measuring only 14“ and the 
spiral threads very feeble os compared to the prominent and more close-set 
axial lamellse. Similar features and o still narrower apical angle excludes 
the Ramkot form Scala ^ Acnlla) colpophora, Coss and Piss 10 from considera¬ 
tion 

Occurrence —Nan Zone No 4 B, from lull vrest of Bagatora Railway 
Station 

III General Results from Palaottlologtcal Study 
Table II, showing the stratigraphical distribution of the Gastropod 
species from Laki and Bagatora, shows that twenty-seven species are 
confined exclusively to the Laki and the Kirthar Beds, fifty-nine species 
are restricted to the Lower Nan Scries, while ten species are common to the 
upper division of the Upper-Middle Kirthar and the Lower Nan Senes 
Of these Ampullosptra ( kusptrocrommtum ) Owent, d’Archiae and Haime 
and AmpulUna, sp mdet B, extend from the upper division of the Upper- 
Middle Kirthar upto the Nan Zone No 4 E, and Turbnella, sp indet A, 
ranges from the Laki Limestone upto Nan Zone No 2 But as these three 
species are represented by ill-preserved casts, they are left here provisionally 
as heterogeneous groups 

As regard® the zonal distribution of the Gastropod species in the Lower 
Nan Senes, the Zone No 2 stands out very prominently by its nchness in 
the Gastrojxxl species Out of the fifty-nine species restneted to the Lower 
Nan Senes, fortv-three are represented here The next richest zone is Zone 
No 4E, containing twenty-two species . the Zone No 4 B, with twenty- 
one species comes third Zone No 1 with twenty species and Zone No 4 C 
with thirteen species are moderately nch in Gastrojxxl species, while Zone 
No 3, Zone No 4 A and Zone No 4 D are strikingly poor 

Centhium ( Ptychocertthium) aff perlameUosum, Vred and Trochus (Tectus) 
lucastanus, Bron are confined to Zone No 1, Zone No 2 has sixteen species 
confined to it while three species are common to Zone No 1 and Zone 
No 2 , seven species from Zone No. 2 are not represented m Zone No 1, 
but are continued into the upper zones , so that Zone No 2 can be taken 
as a unit serrated from Zone No 1 on the one hand and Zone No. 3 on 
the other Now Zone No 3, Zone No. 4 A and Zone No. 4 D do not call 
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for any special treatment due to their conspicuous poverty in Gastropod 
species. The Zone No 4 B out of its twenty-one species lias five species 
exclusively confined to it, while only one species it has 111 common with 
Zone No 4 C and three species from it reach up to Zone No 4 K , on the 
other hand, four species are common to Zone No 4 B and Zone No 2 
Out of the twentv-two species represented in Zone No 4 E seven are 
restricted to it 

From the foregoing discussion it can be concluded that the Lower 
Nan Senes, on the basis of vertical distribution of the Gastropod species, 
can be divided into Zones No 1, No 2, No 8, No 4 A, No 4 13, No 4 C, 
No 4 D and No 4 E 

From Table I, showing the zonal sequence in the Lower Nari Series 
as observed in the field on lithological basis, it can be seen that the thick 
vanegated layers of shales and sandy shales constitute a very prominent 
feature in the field, separating the three lower zones from the top zone 
(consisting of five sub-zones) The shale beds intervening between the lower 
three zones are less sandv and are not as thick as those underlying zone 
No 4, but are too conspicuous to be overlooked in the field in comparison 
with the tlun but highly fossiliferous beds of limestones , on the other band, 
the shale beds intercalated with the five sub-zones, of Zone No 4 are not 
so prominently thick, as compared to the fossiliferous limestone beds , and 
yet they cannot be missed in the field 

Thus the zonal sub-ill vision of the Lowei Nan Series as arrived at on 
the basis of the palieontological study of Gastropods is in full agreement 
with the one adopted in the field on the basis of lithology A preliminary 
study of the Numtnuliles, Corals and Kchmoids also suggests similar results 

As mentioned above, fifty-nine species are restricted to the Lower Nan 
Series, and ten species, it has in common with the upper division of the 
Upper-Middle Kirthar Among the former group, there are thirteen species 
which are new occurrences to the Bagatora area , eight of these species arc 
known to occur in Miocene beds of Sind,"' 44 Kuchh, 41 ’ 44 Kathiawar, 41 44 
Baluchistan 41 ’ 44 and Burma 11 "• " Thus Miocene affinities had begun to be 
manifest in the Nan fauna of Bagatora area This would suggest that the 
bright red to purple coloured, unfossiliferous, calcareous sandstones succeed¬ 
ing tlie Lower Nari Series at Bagatora 4 are very probably the representatives 
of the Gaj Series 

In conclusion, the authors take this opportunity of expressing their 
indebtedness to Dr A Morley-Davies, lately of the Imperial College of 
Science and Technology, London, for his kmd suggestions and valuable 
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criticism. Thanks are also due to the Director, Geological Survey of India, 
for kindly lending the necessary literature from time to time and also for 
the access to the type specimens preserved in the Indian Museum, Calcutta, 


Table I / 

Table showing the Zonal sequence of the Lower Nan Senes 
as observed in the Field 


Zone* 

Thickness 

lithological and faunal characters 

No 1E 

111 

Brown study limestone hr eating into thin slab* n«h In flat Kohl 
noida and Gastropoda, Nummulllea and hamelUbranch* are 
present In moderate numbers 

No 4D 

lit 

Greyish brown limestone breaking Into irregular blocks Rich In 
Nummubtes , Gastropods, Kohinoida and Lamelltbranoh* are not 
very abundant 

Shale* 

1 to 2 In 

Un/oAuihforoon, coloured brown 

No 4 0 

lit 3In 

Greyish brown limestone breaking Into irregular blooke Moderately 
rich in Nnmtnnlites and Gastropods , poor In LameUibnnohi 

Shale* 

1 to 2 In 

Unlosslllferoua, ooloured brown 

No 4B 

1ft 3m 

Reddiih yollow limestone breaking Into thin plate. Rich In 
Gastropods, Corals, Rohwolda, NummuKte* and lamelllbrunoha 
are moderately represented 

No 4 A 

1 ft 6 in 

Yellowish limestone breaking into thick long slain Poor in 
Oa*tro|>ods i Nummidltos and lamslhbrsnohs are represented 
fairly well 

Shale* 

43 ft. 3 in 

Utdowdllleroii*. ooloured yellowleb brown and eontaimng gypsum 

Bandy shales 

9 ft 

Unfoeailiferoiu, colonred grey 

No 3 

3 ft 

Yellowish brown llroeBtone^hreaklng^ Into thieWlabs Very^poor 



and CorefTsre fairly represented, 

No 2 

9 In 

Ore vis h brown broeston* breaking Into thin slabs Rich in Numuaui- 
ites, Gastropods and Corals i Gehinoida and LamePIbranch* are 
preaeut in moderate number* 

Shale* 

14 ft 10 in, 

Unfoaailiferous, coloured white, red, brown 


2ft 

Brown lab and vellowiah Umeatonc hard, rather compact and not 
breaking very easily Rich in NummoUtes i moderately rich in 
Gastropod* i LamePI branc ha and flat Eobfnohfa are also present, 
tubes of Ter tie are very common, occurring In all possible poai- 
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Fio 2 Cornu vredenburgi, sp nov, from the middle part of Upper-Middle Kirthar 
near Laki, (B H U No G/Mla) 

Fio 3 Turrtlelh magnaspentla, Sacco, var bagalorcnetu, var nov from Lower Nan 
Zone No l.ncar Bagatora , (B H U No G/756) 

Fic 4 Bcllardia con, sp nov., from Lower Nari Zone No 2 from Bagatora , (B. H U 
No C/94) 

Fic 5 Apurrhau lakitmu, sp nov, from lower part of the UppenMiddle Kirthar near 
Laki , (B H. U No G/1283) 

Fic 6 Tumtella emdtemts, sp. nov, from Lower Nari Zone No 2 from Bagatora, 
(B H U No G/77o) 

Fic 7 MexaUa trikarmata, sp nov, from Lower Nari Zone No 2 from Bagatora , 
(B H U No G/78«) 

Fic 8 Tympanotomut tnb-hrmt, sp nov, from Lower Nari Zone No 2 from Bagatora j 
(B H U No G/93) 

Fic 9 Smsta tndtea, Vrcd var bagalorrmu, var nov, from Lower Nan Zone No 2 
near Bagatora , (B H U No G/I52) 

Fic 10 EpUontum mathun sp, nov, from Lower Nari Zone No 4 B near Bagatora , 
(B.H U No. C/131) 

N.B -All Figures are natural site 

Fig 5 is a photograph from a drawing made faithfully to the Type specimen, 
except that the details are shohvn more clearly than on the weathered specimen itself. 
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Introduction 

Whilk engaged in working out the development of some brackish water 
fishes of Adyar,* I had the opportunity to investigate the development of 
the cement glands in two Cichhd fishes. Etroplus maculatus and h sura- 
iensts These glands have the same function as in the larva? of Ganoids, 
Teleosts, Dipnoids and Anura in which similar organs have been discovered 
The developmental origin of these larval organs has been worked out in the 
case of Ganoids, Dipnoids and Anura In the first group they arise from 
the endodertn whereas in the latter two, they are of ectodermal origin 
(Kerr, 1919) Though cement glands are known to occur in some tropical 
Teleosts like Etroplus, Ptcro-pkyUum, Sarcodaces and Hvperoptsus, no work on 
their origin has been done so far to my knowledge f The present paper 
deals with the cement glands in one of the local forms, Etroplus maculatus 
These structures, found only in the aquatic larva; of some fishes and 
amphibians, are all purely larval organs primarily concerned with the 
attachment of the terva to some foreign object to prevent their being swept 
away by currents Except in the case of the larva of Actpenser, where 
they are transformed into barbels, the cement glands degenerate and 
disappear in course of time In the case of Etroplus also the glands are 
most active during the earliest larval stage and then atrophy as soon as the 
young fish is capable of swimming about 
Historical 

Ganoids —It was Agassiz (1879) who first worked on the cement glands 
of fishes when he dealt with the function, degeneration and disappearance 
of the gland (suctorial disc) in LeptdosUus He did not mention anything 

* S Jones, "Observations on the Breed inf Habits snd Development of Certain Brackish 
Water Fishes of Adyst. Hadrss," Proc. Ind Acad. Sc., (B), 1937, 5, No. 6, 
t S Jones, Carr Sci„ 1937, 5, No 9, 
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as to its origin In 1881, Balfour dealing with the same form, considered 
the suctorial papilla; of the gland as epiblastic sensory thickenings and 
later in 1881, Balfour and Parker speak of them as modified cells of the 
mucous layer of the epidermis pouring out a sticky secretion Phelps (1899) 
us a result of her work on Anna calva said that the gland is endodernial 
in its ongin Subsequently, Reigliaul and Phelps (1908) gave a detailed 
account of the origin and development of the gland in Amta calva and they 
attributed a similar (endodermal) origin to the gland in Lepidosteus About 
the same tune appeared the work of Kycleshy iner and Wilson (1908) and 
these authors agreed with regard to the endodermal nature of the glands 
in A mia calva 

Kerr (19«G and 1907) worked out the envelopment of the gland in 
Polyp ter u\ Senegal us (Budgett’s collection) and found it to take its origin 
from the endoderm He was not at the time aware of the work on Amin 
calva bv Phelps Kupffer (1893) thought that the cement organs of Acipenser 
si nr to was of ectodermal origin Sawadsky (1911) basing his work on 
Acipenser ruthrnus said that the organ m question actually originates from 
the ectoderm Thus the endodermal development of the cement glands m 
Ganoids was finally settled 

Dipnoids and Anuta— Among the Dipnoi cement glands are known to 
he present only in Lcptdostren paradoxa and Protopterus annertans, where 
they have been found to be of ectodermal origin (Kerr, 1903 and 1919) 
Assheton (1890) and Bhadun (1935) worked out their development in Rana 
temporary and R afgkana respectively and found them to originate from 
the outer layer of ectoderm The difference in these two groups is that in 
the Dipnoi the secretorv cells of the glands develop from the inner layer 
of ectoderm whereas in the Amira they develop from the superficial layer 
of ectoderm 

7 eleosts —Cement organs are known to occur only in a very few tropical 
Teleosts It was first discovered by Biidgctt (1901) in the larva; of two 
African fishes, Sarcodaces oda (Characinnla:) and another which he provi¬ 
sionally determined as Hypcropisus bebe (Mormvrida;) Assheton (1907) 
when dealing with the sense organs and raucous canals in the larvae of 
GymiMrchus mloticus and Heterotis ntluhcus mentions about the presence of 
mucus secreting glands on the head It is possible that they are similar to 
the glands in Hyperopisus and Sarcodaces though Budgett who examined 
the living specimens did not observe any adhesive organs, Probably they 
arc degenerate They are known in sortie Cichlids like Etroplus snraicnstt 
(Willey, 1911), F macutntus (Sundara Raj, 1916) and Pterophyllum eimekei 
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(Lieberldnd, 1931) Of these Ciclilids the last one is South American and 
the other two are South Indian forms 

From the literature available it appears no work has lieen done so far 
on the origin of the gland in Teleosls Luberkind (1931) described the well- 
developed and active gland of the five davs old larva of P etmekei and 
mentions its absence in a 10 days old one Blit due to lack of sufficient 
material he could not work out the origin of the gland 

Cement Organs of Etroplus maculatus —In the case of this fish, as soon 
as it hatches out. the glands can be seen as three pairs of symmetrically 
arranged conical projections each with a depression at the top One pair 
is situated at the anterior extremity of the head near the olfactorv organs, 
whereas the other two pairs are found close together dorsal to the e>cs 
(Figs 1 and 2) These arc larger than the antciior-most pair The glands 



Fio. 1.—Newly hatched larva. X 22 1.2 and 3 - Cement organ. 

Fic 2.—Larva 2nd Day, X 22 

Fio. 3.—A group ot young larv* resting at the bottom attached by their mucou. 
threads, x 6. 

secrete mucus till the fourth day after which they become inactive and 
gradually atrophy During this short period the secretion helps to keep 
the larva in one place under the care of the parents, thus affording protec¬ 
tion (Fig. 3) 

Origin and Development —The cells of the gland rudiment gradually 
become distinct in the thirty-eight hours old embryo The rudiment 
develop* as a thickening of the inner layer of ectoderm (Fig 4) The cells 
are long and conical with the nuclei at their base They soon curve over 
enclosing a space, the gland cavity, roofed over by the thin superficial 
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layer of ectoderm Fig 5 is a transverse section of the head passing through 
the middle pair of glands in a fiftv-four hours old embryo 



Pic, 4 —Section through a gland rudiment of a 38 hours old embryo gir , gland 
rudiment 

Hatching takes place seventy-two hours after fertilization at which 
tnne all the three pairs of glands are active The secretion of the gland 
cells fills the cavity and bursts open the superficial layer of ectoderm which 
gets peeled off Now the cavity widens This is accompanied bv the 
raising of the sides of the cavity which results in the formation of a deep 
gland cavity opening to the outside The superficial layer of ectoderm 
extends up to the edge of the gland cup (Fig 6) No “ brush border ” 
of the kind mentioned bv Bhadun (1935), lining the gland cells in Rana 
afghana, has been observed 

Several larvee are found anchored to one place by mucous threads 
emanating from the cement glands The parents have, as has been already 
observed, the curious habit of transferring their broods from place to place 
and each time, the young ones attach themselves once more by mucous 
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threads In the attached condition the larvte remain with the dorsal 
surface of the head touching the substratum with the body held at an 
angle to the ground and the tail vibrating incessantly When disturbed 
they break off from their moorings and move off in this characteristic 
position trailing a quantity of dirts mucus lielund them They again 
collect together in groups and a fresh attachment is effected 




Fic 6 —Section through the cement organ 1st Day x 380 
Fio 7 „ „ * 2nd Day X 380. 

Abbreviations br , Brain, cn , Cement Organ , E . eye , gU . Gland cavity 
The glands grow m size (l'igs 7 and 8) Meanwhile the interspace 
between the pairs of glands increases Gradually, they get flattened out and 
the cells become vacuolated The cell walls become indistinct and degene - 
ration sets m The rapidity of the process can be understood by the change 
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the glands have undergone by the fifth and the sixth day (Fig*. 9 and 10). 
As soon as they shrink in site the superficial layer of ectoderm from the 




Fie. 9 „ „ „ „ Sell D«y. x 330 

Fie. 10. „ .. .. .. <>th Day. X 380. 

sides, which at this time gets considerably thickened, grows over the rapidly 
degenerating structures which are soon lost By the seventh day it is hardly 
possible to locate their position 

The structure and position of the cement glands of E suralensis are 
exactly as in £ macuUtus Though their origin and development have not 
been worked out it is not likely that there will be any diflerence 
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The following table gives the origin ami fate of the cement organs in 
the vertebrates in which these structures have been studied 


Group | 

Genus 

Origin 

Fate 



Amta 

Endodcrinal 

Disappear 

Ganoidel . 


Acipenser 

” 

Transformed into 
barbels 



| Lepidoslcus 

” 1 

Degenerate 



rolyptcrus 


Disappear 

TeleosU'l . 

Elroplus 

Ectodermal 
(Inner layer) 

Disappear 

1 

Dipnoi . i 

i 

rrotoplerus 

Ectodermal 
(Inner layer) 

Disappear 

1 

t 

Ixpidosxren 

” 

” 

Anura 

Rana 

Ectodermal 
(Outer layer) 

Disappear 


Discussion 

The present work has shown that the cement organs of E maculatus 
take their origin from the inner layer of ectoderm The condition is similar 
to that in the lung fishes, Prolopterus and Leptdosiren, but difft rx from the 
cases described in Anura where the glands develop from the superficial layer 
of ectoderm 

In the case of Hyperoptsus bebe and Sarcodaces nice the two African 
fishes described by Budgett, the former has three pairs of cunent glands 
as in Etroplus and the latter a large single median one on the dorsal side 
of the head The larvae in both cases hang suspended by mucous threuds 
secreted by the cement organs The arrangement and structure of the 
glands m active condition of Plerophyllum are exactly as in Elroplus Both 
behave in a similar manner by resting at the bottom As they belong to 
the same family, Cichlidec, in all probability, the origin of the organs is the 
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The fact that the cement organs are meant solely to help the animals 
to attach themselves to some object without being carried off by water 
currents, shows why they are found only in the aquatic larvse of vertebrates 
and not in those of terrestrial ones, where we find all traces of them omitted 
in their ontogeny Only very rarely do we come across fishes having these 
structures Among the Amphibians the larval Anura generally possess them 
They are c ompletely unrepresented in the Cyclostomes, Elasmobranchs and 
Apoda and absent m their typical form in the Urodcla But in the last 
group, many possess two rod-like structures one on either side, known as 
balancers, the true homology of which is doubtful They have glandular 
tips and develop as ectodermal projections from outside the mandibular 
arch and serve as organs of support anil attachment (Harrison, 1925) 

A branch of the hyonlean artery supplies these structures and the blood is 
returned to the jugular veins (Maurer, 1888) Goodrich (1930) has suggested 
that the balancers arc homologous to the cement organs of Anura and judg¬ 
ing from their development, function and early atrophy, one is disposed to 
accept this view The stalked condition will have to be considered as 
a secondary feature dcvelojieel in the course of evolution This does not 
appear in any way improbable when we find the cement organs of larval 
Aupenser getting modified into barbels in the adult Also, just as the 
cement organs degenerate in fishes when the pectoral fins are developed, 
the balancers of Urodclcs atroj.liv as soon as the fore-lnnbs are sufficiently 
developed to support the head 

Tlie origin of the cement organs as endodermal {vouches in the Ganoidei 
has led Kerr (1906) to compare them with the prc-mandibular head 
cavities of Other vertebrates Keighard and Phelps (1908) are of opimon 
that these glands are homologous with the anterior gut pouches of Elasmo- 
branehs, which in turn, have been homologized with the anterior gut 
pouches of Ainphioxiis, one of which is converted into the ciliated organ 
(Neal, 1898 and van Wijhe, 1914) It is very doubtful if this view could 
Ik accqited from the fact that in tlie Teleostei, Dipnoi and Anura these 
organs are of ectodermal origin, though the condition m Ganoidei is in 
support of it This would mean that the organs have arisen independently 
in the different groups of vertebrates as suggested by Eycleshymer and 
Wilson (1908) who also supjxirt the suggestion of Balfour with regard to 
the origin of the barbels in Teleosts as seen from the fate of the cement 
organs in Aupenser As against this view Kerr (1919) is of opinion that 
during ontogeny certain phases in the development of the organs have 
been slurred over or even omitted giving rise to a condition in Dipnoi and 
Anura where the organs were known to take their origin from the ectoderm. 
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But instances, wherein different or intermediate conditions m origin within 
the same group, which would have gone in favour of this thcon , are lacking 
Still the fact that m Teleostei and Dipnoi, the two intermediate groups of 
vertebrates possessing cement organs, thev are known to originate from the 
inner layer of ectoderm whereas in the more highly evolved Anura the 
secretory cells of the glands are derived from the superficial layer ot 
ectoderm, cannot be without some phylogenetic significance However, 
more work on the reinent glands in fishes, especially of Tcleoats, is required 
before this and allied questions can be solved in a satisfactoiy wav 


Summary 


1 There are three pairs of cement glands in htrupha, maculatui, 
situated on the dorsal side of the head, the anterior-most pair being smaller 
than the posterior two pairs 

2 They produce mucus which help to attach the larva to the bottom 
till it is capable of independent swimming movement 

3 The gland rudiments first appear whtn the enibrvo is thirty-eight 
hours old as thickenings of the inner layer of the ectoderm 


i The gland cells soon enclose a cavitv into which the secretion is 
poured and by the time of hatching the outer layer of ectoderm over the 
cavity Is lost 

5 The glands grow m size and remain active till the fourth dav aftir 
which they begin to degenerate They shrink in size, get flattened out and 
the superficial layer of ectoderm grows over tluui They disap|xar by the 
seventh day 
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REPORT ON SOME NEMATODE PARASITES OF 
KABUL, WITH DESCRIPTIONS OF NEW SPECIES. 
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TUB pretent paper deals with some Nematode parasites of different animals 
of this place, which the writer has come across during the last few months 
One new species of the genus Ascartdia Dujardin, 1845, one of the genus 
Subulura Molin, 18110, and one of the genus Tachygonetrui Wedl, 1862, 
have also been described in it 

The writer expresses his grateful thanks to Ur M B Mira, Director, 
Zoological Laboratories, Muslim University, Aligarh, for kindly going 
through the manuscript Sincere thanks art also due to Dr B ITashad, 
Director, Zoological Survev of India, for facilities in consulting literature 
and examining certain specimens m the collection of the Indian Museum 
at Calcutta 

1 Ascarv, limbrtcotdes Linnaeus, 1758 

Only one male specimen of tins speucs, 2t8 mm long and about 3 mm 
thick, was obtained from a man 

2 Ascaruha raxia n sp * 

A pair of the worms of genus Ascartdia Dujardin (1845) was recovered 
from the intestine of a wild pigeon (Columba livta) 

Morphology —Body is white and cuticle with transverse stnations 
Anterior end is with three large and well-defined lips, c'aeh bearing two 
cephalic papillae Cervical alte are present Oesophagus is club-shaped 
and is without a posterior bulb 

Male —Transverse stnations o\er the body are 0 015 mm apart 
There is a pre-anal sucker and a few rounded or oval bodies are found in 
front of the sucker within the body cavity There are oblique muscles near the 
sucker, all terminating in the centre of the sucker Caudal ala; are small 
and narrow beginning m front of the posterior end of the body and reaching 
up to the level of the pre-anal sucker 

* The specie* i» named »fter the writer’* daughter Raxia Khatoon. 

Bt 
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Fie 1. Atcondn rasio Poitcrior extremity of m»Ie, laterally 


There are only nine pairs of big caudal papilla;, four pairs of which are 
prc-anal, one adonal, and four pairs are post-anal Spicules are two, 
subequal and alate There is no gubernaculum Tail ends in a conical 
spine and is slightly incurved 


Measurements — 

length of the worm • . 20 812 r 

Maximum thickness . . 0 787 

I<ongtli of lips . . 0 045 

Diameter of head .. • • • • 

Length of oesophagus .. . . .. 1 '575 

Diameter of pre-anal sucker (lengthwise) . 0-136 

Distance between prc-anal sucker and cloaca . • 0-200 

Length of spicules 1-732 and 1-687 

Length of tail .. ■ • 0 

Female —Transverse stnations over the body are 0 022 mm apart 
Vulva is a little behind the middle of the body Tail is slightly truncate 
at thq level of the cloaca ventrally and then compressed dorso-ventrally ending 
in a blunt point 


Measurements — 

Length of the worm , 
Maximum thickness . 


Length of cervical alee 

Length of oesophagus 

Distance between vulva and posterior end 

Length of tail 

Size of egg .. 


.. 32 075 mm 
.. 1 132 

.. 2 700 


0-180 x 0-157 
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Ascardta razta differs from all its allied species in different measure¬ 
ments. It also differs from A columbic (Gmehn, 1790) Travassos, 1913, 
in the diameter of head, distance of body stnations, lengths of tails, diameter 
of pre-anal sucker and in the distance between the pre-anal Maker and the 
cloacal aperture The new species A razta resembles A stroma (v Linstow, 
1899) Railliet and Henrv, 1914, in having comparatively small number of 
big caudal papillae , but differs much from it in the length of oesophagus 
(about 1/13 of the length of the body) which is longer, the length of the tail 
in male (1/46 of the body length) which is shorter, and in the length of the 
tail of female (1/38 of the body length) which is longer Obhque muscles 
of the sucker aie strong and they terminate together in the centre of the 
sucker There are only nine pairs of caudal papillce, four pairs of which are 
pre-anal, one pair adanal (biggest of all the papilLe) and four pairs are 
post-anal Moreover the eggs of A razta are larger than those of all the 
other species of Ascandta, also larger than the eggs of A stroma, whose 
eggs are exceptionally large in the genus All these are salient characters to 
differentiate A razta from all other species of the genus 
3 Subuluru kabulanus n sp 

Five specimens (3 males and 2 females) of the genus Subulttra Mohn, 
1860, were recovered from the intestine of an orange-billed pheasant 
(TetraogaUus sp) 

Morphology —The body is yellowish white, cuticle striated coarsely 
and the anterior portion of the body is curved in both the sexes Anterior 
end of the body is blunt and lateral alae are present The buccal capsule 
is with ehitinous walls and has three teeth at its depth one being dorsal and 
two sub-ventral There is a pharynx at the anterior portion of oesophagus 



z 

Fie. 2. Subulura kabulanus. Anterior extremity, literally. 
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Fio 3 Subnlura kabulanut Posterior extremity of m»!c, laterally 
Fio 4 „ „ .. •> female, laterally 

Fro. 5 „ „ Eggs 

whuh ts somewhat thicker Oesophagus is club-shalied, jointed to a pos¬ 
terior bulb by a narrow portion The bulb is subglobular 
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Male —The posterior portion of the male is curved and is with a 
terminal spine Small caudal ala? as well .is pre-anal sucker are present The 
sutktr is with a chitinous rim surrounded by strong oblique muscles The 
interior of sucker is somewhat deep and its surface is with line longitudinal 
striatums The spicules are equal, curved, alate and line-pointed Guberna- 
culuin is long and there are ten pairs of caudal papilla.- , thrci of which are 
pre-anal, two ndaual and five pairs are po«t-anal 
Measurements — 


Length of the worm 
Maximum thickness 
Diameter of head 



Length of buccal capsule <) 008 ,, 

Width of buccal capsule at post end 0 0J1 

Height of teeth • <> (, 18 

Length of oesophagus with bulb 1 192 

Diameter of pre-bulbular swelling of oeso¬ 
phagus 0 113 .. 

Length of the bulb 0 ‘-425 ,, 

Diameter of the bulb . 0 225 ,, 

Length of pre-anal sinker 0 210 ,, 

Distance between pre-anal sucker and cloneal 

aperture 0 430 ,, 

Length of spicules l 350 ,, 

Width of spicule 0 036 .. 

Length of gubernaculum 0 135 ,, 

Length of tail 0 256 ,, 

Female —The tail of female is compressed elorso-ventrallv an 
spear-shaped Vulva is a little in front of middle of the bod> 
4/5 of the length Eggs are with fully-formed embryo and sub-p 


Measurements — 

Length of the worm 

Length of buccal capsule 

Width of buccal capsule at post end 

Height of teeth 

Length of oesophagus with bulb 

Width of pre-bulbular swelling of oesophagus 

Length of the bulb 

Distance of vulva from anttrior end 

Length of tail 

Width of caudal spear-shaped portion 


16 583 mm 
« 063 „ 

0 036 „ 

0 015 „ 

1 237 „ 

0 202 „ 
0 225 „ 

7 448 ,, 

1 193 „ 

0 225 


19 407 mm 


1 609 

8 212 
1 450 


Size of eggs 


0 063 - 0 072 x 0 045 - 0 058 mm. 
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Subulura kabulanus , discovered by the writer, differs from all other 
species of the genus in its measurements and structure Through the 
kindness of Dr B Prashad, the writer could examine two or three species 
of Subulura , particularly S gallopcrdicis Baylis and Dnubney, 1922, in which 
oblique muscles are not so strong and the margin of the sucker is not well- 
defined S kabulanus appears to resemble, to some extent in its general 
form and structure as well as in the number of caudal papillae, 5 andersoni 
(Cobbold, 1876) Railhet and Henry, 1914, but differs markedly from it in 
its measurements, showing its spicules to be longer, gubemaculum smaller, 
sucker longer, oesophagus smaller and the distance between the prc-anal sucker 
and cloacal apperture being less than in the named species Above all, 
S kabulanus possesses a chitinous rim of the sucker of quite peculiar shape, 
appearing to be made up of upright bars placed side by side These charac¬ 
ters are sufficient to differentiate it from all other allied species and in this 
connection it is suggested that the presence or absence of chitinous rim of 
pre-anal sucker be added to the generic characters of Subulura 
4 Tachygonelna mtcrostoma Drasclie, 1884 
Two mile specimens of this species were obtained from the ctecum of 
a tortoise (Testudo sp ) The specimens were, however, found to differ from 
the published account of the species in the following respect — 
Maximum thickness . 0 240 mm 

Length of spicule . 0 102 ,, 

Length of tail • • 0 220 „ 

5 Tachygonetrta snflatocemx n sp 

Worms of the genus 1 achygonelna Wedl, 1862, were recovered from 
the ctccuni of a tortoise (Testudo tbera) 

Morphology —Small worms, mouth surrounded by six inconspicuous 
lips and head bearing four big cephalic papillae Cervical cuticle is inflated 
symmetrical^, forming a projecting cuticular collar, covering four or five 
annube in the middle of the collar Cuticle of the body is coarsely striated, 
sometimes except on the dorsal surface and the tail, where the stnations 
are fine Vestibule is short and without any chitinous armature Oeso¬ 
phagus is cylindrical aud long with a posterior bulb containing a valvular 
apparatus Excretory aperture is behind the bulb Intestine is simple 
and without diverticulum Lateral flanges are absent. 

Male —The body is obliquely truncate ventrally at the level of the cloaca 
There is only one spicule and that is acicular Gubemaculum present 
Tail or the posterior portion of the body is colled and is with narrow alse. 
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Fig 6 Tacky gonctria xnflnioccrmx Anterior extremity 
Fig 7 „ „ Portertor extremity of female, laterally 

Flo 8. „ „ „ male laterally 

Fig 9 „ „ Anterior extremity of male 

Tail is conical and fine-pointed, bearing three pairs of pencloaeal papillm— 
one pair of prc-anal, one pair latero-ventral and one pair of ndanal papillae 
In addition to these there is a pair of voluminous papillae on the middle of 


the tail 

Measurements — 

I,ength of the worm ... 2 844 mm 

Maximum thickness . 0 187 „ 

Diameter of mouth .. 0 225 ,, 

Length of vestibule . .. O'009 ,, 

Diameter of cervical collar 0 033 ,, 

Length of oesophagus with bulb . 0 603 „ 

Length of spicule .. . 0-117 „ 

Length of gubemaculura 0 031 „ 

Length of tail 0-072 
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Female —Cervical collar is well-developed and fully-disteudeel covering 
up to twelve annul®, often another collar develops behind the former 
Vulva is behind the middle of the body and the tail is conical, long and 
tapering to a point Uteri are two, eggs large, numerous and ellipsoidal and 
are segmented at dejxisition 


Measurements — 

length of worm 2 970 mm 

Thickness 0-250 „ 

Diameter of mouth 0 040 ,, 

Diameter of collar 0 119 ,, 

Length of vestibule 0 027 ,, 

Nervous ring liehmcl the mouth 0 214 ,, 

Length of cesophagus with bulb 0 900 „ 

Vulva from |>osterior end > 427 ,, 

Length of tail 0 i> 

Size of eggs 0 076 — 0 184 X 0 081 


4 905 mm 
0 382 „ 

0 202 ,, 


1 170 mm 

2 430 „ 

0 517 „ 

0 090 „ 


Tachygonetna tnjlatocervix, discovered bv the writer, differs from all 
species of 7 aihygonetna in its measurements, it also differs in the shape of 
its head Cervical collar, which is not well developed in malts, is fully 
distended in females and is often followed by another collar of the same 
type It only resembles T mmnstoma (Drasche, 1884) and 7 uncinata 
(Drasche, 1884), in having a conical tail, bearing a pair of voluminous 
papillae, but differs markedly from them m the shape and sue of tail, parti¬ 
cularly in female and also m the jiosition of the last pair of voluminous 
papilla-, which is situated on the middle of the tail of male, instead of on 
the posterior third These- characters are sufficient to create a new sjiecies 
and in this connection it is suggested that " a pair of volununous papilla: 
on the middle or posterior third of the tail" be added to the generic 
characters of Tachygonelrta 


6 Chabertta ovina Railliet and Henry, 1909 
Five specimens of this species were obtained from the intestine of a 
?p 

7 Ostertagia marshallt Ransom, 1907 
Many si>eciniens were obtained from abomasum of a sheep 


8 Ostertagia Irtcuspis Marotel, 1910 
The species was originally described by Marotel in 1910, from Lyons 
in France After that probably the species has not been reported, as yet, 
from any part of the world It is interesting to record its occurrence for 
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the first time in Asia After dissecting a large number of intestines of sheep, 
many worms of this species were recovered from one case only These 
worms are yellowish brown In colour and the cuticle is finely striated 
transversely There are twenty-four longitudinal ridges o\cr the body The 
cuticle of the anterior end is dilated and the buccal eavitv is \erv small 



Fic 10 Osierlagia tricuspu Posterior extremity of m»le, showing telamon 
Fic 11 „ „ Spicules 

Fig 12 „ „ Posterior extremity of female, laterally 

Male —The pre-bursal papillae are present and there is no accessory 
piece The spicules are equal and are divided into three in the listener 
fifth of their lengths The median process is blunt at the tip while others 
are pointed There is a pentagonal structure (telamon) at cloaca. 
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Measurements — 

Length of the worm . 
Diameter of head 
Length of oesophagus 
Length of spicules 


10-240 n 
0 018 
0-819 
0- 252 


Female —Vulva is situated at about posterior fifth of the body and 
is with a flap on the anterior margin Tail is digitiform with fine transverse 
lines a little in front of the tip Five small papillse like dots appear to be 
on the tip of the tail 
Measurements — 

Length of the worm . .15 390 mm 

Diameter of head . 0 922 

Length of oesophagus . • 0 922 

Vulva from posterior end 3 240 

Length of flap • .0 285 

Length of tail 0-315 

Size of eggs . 0 166 x 0-070 

9 Parabronema sp 


Only one female of this parasite was found m the beginning of the small 
intestine of a sheep The anterior extremity is provided with dorsal and 



FtO. 13. Parabronema ip. Anterior extremity. 
Fic. 14. „ Poeterior extremity 
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ventral cuticular shields and is ornamented with six horse shoe-shaped 
cordons , lateral flanges are absent The buccal capsule is long and its 
posterior portion is cylindrical without annular or spiral thickenings and 
the oesophagus is also without any swelling The tail is short, bluntly 
conical and dorsally curved Anterior part of the body is reddi-h biown and 
the remaining portion yellowish brown Excretory aperture is near the 
beginning of the oesophagus, aud the \ulva is behind the oesophagus 


Measurements — 

length of the worm 20 437 mnl 

Length of buccal capsule 0 115 ,, 

length of oesophagus 2 340 ,, 

Distance of excretory pore from anterior t nd 0 220 ,, 

Distance of vulva from anterior end 7 200 „ 

Distance of vulva from posterior end of oesophagus . 4 085 „ 

length of tail 0 180 ,, 


From the above description the specimen appears to belong to the 
species Parabronetna skrjabttn Rasovska, 1924, but as it diflers from 
P skrjabtnt in the position of its vulva and as the male is wanting its correct 
specific determination is hardly possible 

10 Polymorphus boschadts Schrank, 1788 
Two specimens of this speties were found in the intestine of a wild 
duck (Anas sp) 

Type-specimens of the new species as well as of certain others have been 
deposited in the Museum of the Zoological Laboratories, Muslim Um\ersit>, 
Aligarh , Ascandta razta under No 935, Subulura kabulanus under No 93C , 
and Tachygonetna tnflalocervtx under No 937 
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The discover* of the hrst genus of this family was ongmally made by 
Bilharz m 1851 when he recovered some worms from the mesenteric veins 
of a native of Cairo This was reported by Bilharz m 1852 who named 
it Dtstomum htemalobtum Later this genus was reported bv other 
workers under different names, vis , Gynacophorus Diesing, 1858, Btlharxta 
Cobbold, 1859, TAwowwe Moquin-Tandoii, 1800 The name " Distomum” 
for this blood-fluke was a misnomer and was replaced bv Schistosoma by 
Weinland in 1858, and although later workers tried to immortalize the 
name of Bilharz, the discoverer of this blood-fluke, by naming it after him, 
the name had to be given up in view of priority of Schistosoma 

I,ooss (1899) created the family Schistosomidae for the genus 
Schistosoma Weinland (1858) and added the second genus Btlharztella 
to the finuly which was described earlier by Kowalewski (1895) under the 
name of Btlharzia polontca Odliner (1910) described GtganloMhanta 
and later (1912) added another genus Ormthobilhama Johnston 
(1917) reported the genus Austrobtlharua from Australia Three years 
later Skrjabm ami Zakharow (1920) removed an earlier form BilharzteUa 
putuerulcnta Brauu, 1901, to their new genus Dendntobilharzta In 
the same year they recorded another new genus Trtchobtlharna Tanabe 
(1923) created the genus Schtstosomatium for his experimentally obtained 
forms in white rats and mice Travassos (1923) added the genus Macro- 
btlharzia to the family The latest woik on the famd> is that of Price 
(1929) where he recognizes all these forms, except Macrobtlharzta of 
Travassos w-hich he regards as a svnonytn of Omithobilharzta, and 
creates three new genera Mtcrobilharzui , Hettrobtlhanta and Paraschtsto- 
somatwm He also divides the family (khistosomidae into two sub¬ 
families, Schistosomims and Bilharzielhme Subsequently (1931) the 
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same author in a brief note revives the genus MacroMkarzta and sup¬ 
presses one of his newly created genera, viz , Paraschtstosimalium as a 
synonym of Macrolalharzia The f.innlv Schistosonudse is of recent 
occurrence in India Montgomery (1900) described Schistosoma tnihta, 
from mammals Christophers and Stephens (1905) discovered an egg of 
Schistosoma spindaln in the unne of a Madrasi The larval stages have 
been recorded by Soparkar (1921) and Sewell (1922) helper (1923) 
mentions that several cases of infection occurred ill the neighbourhood 
of Hyderabad after the return of ltifecti d troops from Egypt 

From birds, however, the family has been very recently reported in 
India The earliest case, so far as the writer is aware, is from Rangoon 
when Gogatc (1934) obtained two immature male specimens of blood-flukes 
from wild ducks Although lie has neither given diagrams nor adecpiate 
description of his forms, he tentatively refers them as Ormlhobilhama sp 
under the subfamily Sehistosominw The writer, in the course of lus 
investigations, lias also come across two cases of blood-fluke infection in 
birds These forms, which are being described in the present communi¬ 
cation, come under the subfamily Bilharziclliwe Price, 1929, but owing 
to certain peculiar characters presented bv them necessitate the einendnient 
of the subfamily diagnosis 

Subfamily Bilharziellina; Price , 19‘29, emended 
fschistosomulw Suckers present or absent Gynxcophonc canal 
absent or imperfectly formed or sometimes well developed Paired intes¬ 
tinal cteca short, uniting cephalail of the middle of the body , common 
caecum long, with or without lateral dendritic branches Testes numerous 
and situated behind the esecal union along the course of the common 
csccum Uterus short, containing a single egg 

Type genus —Btlharztella law's, 1899 
Chinhuta tndtea N G N Sp 

A very large number, exceeding 200, of specimens of tins species were 
obtained from the main blood vessels and internal organs of the common 
teal, Nethon crecca Tlie bird which was captured at the Chinluit I.nke, 
about 8 milts from Lucknow, was kept under observation but died next 
mortung The post-mortem examination revealed a verv beayy infection with 
Chinhuta There were signs of lesion formation in h\ er, kidney and even lungs 
The animals were inactive showing little movement when liberat¬ 
ed in salt solution They apjieared white in colour and were sticking 
fast to the tissues by their powerful ventral sucker which is a cup-shaped 
structure with slightly pedunculated base 
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Male—It is a long, thin animal with blunt anterior end and 
tapering posterior end The length of the specimen is 2 95 mm and the 
maximum breadth which is a little behind the ciecal union is -375 mm 
The lateral edges of the body are rolled inwards to form a deep gynaecc- 
phonc groove which extends right from the hinder end of the oral sucker 
up to the posterior end 



T*xr Fic 1 Chmhuto uidica male-Uteral view showing the Gynecophor.c groove. 

The circular oral sucker lies ventrally and is rather weakly developed 
It measures • 1 mm in diameter The ventral sucker, which is muscular 
and very powerful, is larger than the oral sucker and measures 15 mm 
in diameter and lies at a distance of 5 mm from the anterior end 

The mouth leads into a long thin oesophagus which measures -375 mm 
There is no pharynx in these forms There are a large number of unicellu¬ 
lar glands surrounding the base of the oesophagus and they appear to be 
arranged in a grape-bunch manner It is rather difficult to surmise the exact 
nature of these glands but probably thev may be producing some secre¬ 
tions which prevent the clotting of blood on which these parasites feed 
The oesophagus divides into two intestinal coca at its posterior end 
just in front of the ventral sucker There is a small ctecal pro]ection directed 
forwards just at the intestinal bifurcation which probably is a representative 
of the H-shaped ctecal bifurcation seen in some other blood-flukes. The two 
intestinal cseca nut dorsal to the ventral sucker and after a brief course 
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join together in the p re-equatorial region to form a common caecum at a 
distance of •625 mm behind the ventral sucker and 1 275mm from the 
anterior end The common caecum which is longer than the separate 
intestinal caeca runs behind in a zigzag manner ending blindly at a dis¬ 
tance of about 1 nun from the posterior end The common caecum shows 
thickenings of its walls at various places which also become sharply jxnuted 



T*xr Fio 2. Chtnhula tndica male-Ventral view showing general anatomy 
Tax* FlO. 3. Cirrus aac showing bilobed reticula seminalis, prostate cells and part 
prostatlca—ventral view 

The testes, which vary between 70-80 in number, lie on the two sides 
of the common caecum, beginning just behind the caecal union and ending 
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a little m front of the cseca! end Tin.} ate oval bodies of variable size, 
the largest measuring • 125 mm x 04 mm and the smallest measuring 
05 inni x 025 mm The vesicula seminahs is a 
lobed structure, situated behind the ventral 
sucker It consists of a large oval lobe measuring 
117 mm X 0875 mm and a small lobe, irregular 
m shape measuring 087 mm X 07 mm and 
joined b> a very narrow constriction in the middle 
The smaller lobe of the vesicula semi nabs is 
enclosed within the cirrus sac which is a long 
cylindrical body containing the ejaculatorv duct, 
pars prostaticn and a large number of prostate 
gland-cells The terminal end of the cirrus sac 
is bent and opens at the genital pore on the left 
side of the median line just in tront of the level of 
the caecal union A small S shaped du< t leads from 
the vesicula scniinalis to open into an elliptical 
pars prostatica measuring 1 mm in length A 
small duct terminating in the cirrus arises from 
the pare prostatica, takes a bent course and 
opens out at the genital pore 

Female —The female is much smaller in size 
than the male It measures 1 8 null in length 
and has a maximum breadth of about 19 mm 
behind the ovary in the level of the vttellaria 
The body is flat and narrower towards the two 
ends It does not show any inrolling of its lateral 
edges The oral sucker is ventral and measures 
04 mm in diameter The ventral sucker is 
strongly developed as in the ease of the male and 
measures 075 mm in diameter 

The mouth leads into a long oesophagus which 
measures -220 mm and is surrounded at its base 
by the unicellular oesophageal glands It bifur- 
Chmhuta cates into the two intestinal cseca at its jiostcnor 
mrfico female-ventral view en j j about 075 mm in front of the ventral sucker 
•bowing general anatomy. two mtestinal raeca run for a short distance 

and unite to form a common caecum at the level of the anterior end 
of the ovary at a distance of -25 mm from the ventral sucker and about 
.875 mm from the anterior end The common caecum follows a zigzag 
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course behind, shows peculiar thickenings of its wall and ends at a distance 
of -05 mm from the posterior end 

The ovary is an elongated sinuous body, broader anteriorly and 
tapering posteriorly It lies at a distance of 27 mm behind the ventral 
sucker and measures -155 mm m length and -05 mm in maximum breadth 
The oviduct arises from the right side of the broad anterior end of the ovary 
and after a sharp curve enters the ootype The oolvpe is surrounded by small 
unicellular shell-glands The short straight uterus arises as a broad tube 
in front of the botype and ends at the genital pore, 04 mm behind the 
ventral sucker No eggs were found in the uterus 

The vitellana consist of distinct and large follicles which extend right 
behind the ovary to the posterior end They lie on the two sides of the 
common cacum and pour their yolk bv narrow ducts into a large U-shaped 
vitelline reservoir which lies at the level of the ovary and leads by a thin 
duct to open into the botype 

To sum up, the genus Chmhula is characterised thus — 

Male with a well-developed gvnsecophonc canal, extending from a 
little behind the oral sucker up to the posterior end, female with flattened 
body and smaller than the male Suckers present Oesophagus provided 
with unicellular oesophageal glands The two intestinal eteca unite a little 
in front of the middle of body, common caecum long, without lateral 
branches but provided with angular thickenings of its wall Testes varv 
between 70-80 ill number and extend from the csecal union to the posterior 
end of the animal Cirrus pouch well developed, enclosing a part of vesi- 
cula seminalis, prostate gland-cells, pars prostatica and the cirrus The 
terminal end of the cirrus sac is shghlty bent to the left side The male 
genital pore lies slightly to the left of the median line near the middle of 
the body The ovary is elongated and sinuous, situated at the level of the 
cascal union Uterus short and straight The female genital opening is a little 
behind the acetabulum Vitellana situated on the sides of the common 
c«cum, m distinct follicles A vitelline reservoir is present 
Type species —Chinhula intiica 

Remarks —The new genus differs from the members of the subfamily 
Bilhaizicllitue in having an extremely well-developed gymecophonc canal 
in which feature it stands near the subfamily Schistosoimme But it 
differs from the subfamily Schistosomiiuc in having ec-phalad union of the 
intestinal «eca and testes behind the caecal union, features in which it closely 
resembles the subfamily Bilharaellin* The genus, lh fact, forms a con¬ 
necting link between the two subfamilies. The nearest ally of the new 
B2 r 
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genus is the genus BUharztella with which it shows several features of 
resemblance It differs, however, from the genus Bilharziclla m having an 
extremely well-developed gvnaeeophoric canal, in the possession of the 
oesophageal glands, bent terminal end of the ciritis sac and in the position 
of the female genital opening It is, therefore, considered necessary to 
create a new genus which is designated Chtnhuta owing to its recovery 
from a bird caught at the lake, Chinhut 

GigantoMharzia egreta N ftp 

Only one male specimen of this parasite was obtained from the renal 
vein of the cattle egret, Bulbulcus tftaa coromantins The worm was quite 
inactive and white in colour when liberated in normal salt solution 
It is a long thread-like, thin worm and is somewhat fragile The length 



Tm Fio 5. GigantoMharzia egreta malt—Ventral view of (<a) Anterior end showing 
intestine aod cirrus sac and (6) Posterior end showing the termination of 
intcitinal caecum 


Tixt Fio. 6. G. tgreta, middle of the body showing the relation of testea with mteatine 
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of the specimen, obtained by the writer, is 38 85 mm of which about 
S3 *8 mm is occupied by the testes It is broadest in the middle where it 
measures 275 mm The body tapers gradually towards the anterior end , 
posteriorly also it tapers but widens again to end in a dilated end blunt 
posterior end There is no trace of an oral or a ventral sucker The 
gynseeophonc canal is also absent The mouth begins w a shallow depres¬ 
sion and is continued behind into a long oesophagus 1 2 mm in sue The 
intestinal cueca arise from the posterior end of the oesophagus and run for 
a very short distance to meet to form the common intestinal caecum The 
csecal union takes place at a distance of about 4 mm behind the ciecal 
bifurcation The common caecum extends in a zigzag manner to almost 
up to the dilated posterior end of the animal 

The exceedingly large number of testes, more than 600, are round or oval 
bodies and he on the two sides of the common eaxMim They varv in size, the 
largest measures •15 mm x 1 nun and the smallest 075 mm x 05 mm. 
The vesicula semuialis lies in the space enclosed by the bifur¬ 
cation and re-unlon of intestinal cccca It is a sinuous structure, about 
•2 mm in size and ends in a small papilla on which is situated the genital 
aperture which lies at a distance of 175 mm from the c<ecal union and 
•226 nun from the csecal bifurcation The writer has not been able to 
observe clearly a cirrus sac in this species which probably is present 

Remarks —So far only two sjtecies of the genus have been described, 
G acotylea by Odhner (1910) from Sweden and G monacotylea by Szidat 
(1930) from East Prussia The present form, of which the writer has 
obtained a male specimen, differs from both the existing species in several 
important characters It differs from G ruolylea in the absence of a gymeco- 
phonc canal, m having its genital opening slightly dextral and in possessing 
a comparatively much longer oesophagus From G monacotylea, it differs 
in the absence of au oral sucker, in the position of the genital pore, in much 
smaller vesicula semmalis and In having a much longer oesophagus It is 
therefore, designated as a new species for which the name Gigantobilharzui 
egreta is proposed 

Remarks on the Family Schtslosomultr 
The family Schistosomidse contains 11 genera and these have been 
grouped into two subfamilies by Price (1929) The subfamily Schisto- 
sominse is distinguished from the other subfamily Bilharzlellinse on the 
basis of a well-developed gymecophoric canal and re-umon of the intestinal 
cseca behind the middle of the body The discovery of the new genus 
Chinhuta, with an extremely well-develoiied gynseeophonc canal and 
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cephalad union of the intestinal coca, is very interesting as it appears tp 
form a connecting link between the two existing subfamilies The differ¬ 
ence between these subfamilies, therefore, narrows down to only one 
character, wr , the level of the re-unton of the intestinal coca This 
naturally creates a doubt as to the validity of the subfamily division-under 
the famil> 

Another interesting feature of systematic value is the occurrence of the 
cirrus sac which has been described in some species of the family Unfortu¬ 
nately, the writer could not have an access to all the literature on the 
subject but feels that a re-study of some of the forms is needed Species 
have been described under the same genus in which a cirrus sac is either 
present or absent It is rather strange to find this discount on the value 
of the cirrus sac, which has been regarded as a subfamily character in various 
cases The writer, therefore, urges for a revision of the genera and species 
of the family Schistosomidie in order to remove the prevailing confusion 
and thereby to place the group on a sound basis 

The writer wishes to record here his sincere thanks to Dr G S Thapar 
for his valuable criticism and suggestions during the course of this work 
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Introduction 

The study of the brackish-water fauna of India dates from the time of 
Stoliuka, and ever since he published his interesting paper in 1869. 
numerous isolated accounts of the fauna of the Gangetic Delta, dealing 
with particular groujis or species of animals, have appeared from time to 
time Faumslic and ecological studies pertaining to definite brackish-water 
regions were not, however, made until Annandale commenced, in 1907, 
his series of contributions on the fauna of the brackish ponds of Port Canning 
in Lower Bengal This was followed by the biological survey of the Chilka 
Lake, under the leadership of Annandale and Kemp (1915) The various 
groups of animals collected from this lake were worked out by socialists 
in different parts of the world, these reports (1915-1922) have formed an 
excellent ground-work for further studies on Indian brackish-water fauna 
The results of similar surveys of Tatfh Sap in Siam, Tai Hu in China, and 
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I v ake Biwa in Japan, were published in the succeeding vears, in Annandale’s 
Zoological Results of a Tour in the Far East (1918-1925) In recent 
years, considerable data have accumulated on the euryhaline fauna of the 
Gangetic delta mainly by the contributions of Annandale, Kemp, Sewell, 
and other officers of the Zoological Survey of India An investigation of 
the brackish-water areas near the city of Madras was thought desirable as 
no attempt has been made to advance our knowledge of the brackish-water 
animals of South India beyond the references in the Chilka Lake reports. 
Apart from thts aspect, the local animals which could be examined first¬ 
hand are so little known in many of the educational centres m India that 
lioth the student and the teacher are often handicapped owing to the paucity 
of familiar local species illustrating several biological phenomena , hence 
this work was planned with the hope that it mav benefit College students 
in general Comparatively little is known of the bionomics of the brackish- 
water tvfies of animals, and since the place chosen was suited for close and 
constant investigation, an intensive ecological study was made extending 
over a period of three years As will be seen from the following account, 
a fairly rich and specialized fauna exists at Adyar, showing interesting 
peculiarities both in mode of life and life-history 

Material and Methods 

The account of the fauna given here is based upon a number of collec¬ 
tions from the Adyar backwater, Adyar River, and the brackish-water 
localities of the Cooum, made within the course of three years, dating from 
November 1933 A few collections made previous to this have also been 
utilized, but these do not include any species that we have not taken sub¬ 
sequently During the early part of the survey, * e , for about a year, 
the Adyar backwater and the river were visited about thnee a month on 
an average, and regular shore and plankton collections were made The 
backwater and the river were less frequently visited during the next year, 
but special attention was devoted to the upper reaches of the river and the 
pools of brackish-water near the Boat Club Observations were also made 
on the fauna of the small islands in the river near the Elphinstone Bridge, 
and the brackish tracts of the Cooum Field observations during the third 
year have confirmed the previous years’ results 

The shallow nature of the backwater and the nver was of considerable 
advantage in that no elaborate equipment was necessary for conducting 
this study Shore collections were made by us regularly during our visits 
For examining the fauna of the mud, the most useful instrument was a 
large shovel with which mud could be levered up without causing much 
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disturbance to the organisms Mud taken in this manner from the back¬ 
water, salt pools, river, etc , was carefully examined in the laboratory and 
the organisms picked up The tow-net was used to collect the free- 
swimming invertebrates, small fish and larvae The collection also includes 
specimens obtained by dredging from the deeper parts of the river 

For the collection of fish, prawns and the larger species of swimming 
crabs, we have entirely depended upon the implements used by the fishermen 
of the locality These were closely meshed nets of various sizes and shapes 
Fishing is usually done in the mornings Catches obtained by the fishermen 
from the river and the backwater were regularl> purchased until representa¬ 
tives of most of the species were obtained Afterwards, their catches were 
only examined on the field 

The hydrographical readings given were kindly taken by Dr M K, 
Subramamam, based on analyses of water-samples from the Adyar 
River near the bar We have taken a number of temperature records on 
subsequent occasions, which have clearly illustrated the wide range of 
variation that is likely to occur from place to place, and also the extent of 
diurnal variations 

The species have been worked out by us, and in many cases the identi¬ 
fications have been checked with the help of the collections of the Madras 
Government Museum Dr S L Hora has kindly identified for us four 
species of Gobies , Dr H S Rao, three Gastropods , and Dr F H Gravely, 
one spider We wish to thank all of them for their valuable help 
Description of the Area 

The brackish-waters of the city of Madras (Fat 13-4', Long 80-17'E) 
include the backwater at Adyar, and the mouth of the Adyar River which 
is in close association with the former To this may be added those portions 
of the Cooum River and the Buckingham Canal, which are either in communi¬ 
cation with the sea or with the Adyar backwater or nver The present 
study is mainly based on animals collected from the backwater and the 
nver-raouth where the fauna is fairly rich and characteristic A number of 
collections have also been made from the bar where the River Cooum opens 
into the sea This account is also applicable to the other brackish-water 
regions of the Cooum and the Buckingham Canal as the macroscopic fauna 
of these localities consists only of a few of the resistant species that are 
observed at Adyar 

The Chingleput or the Adyar River opens into the sea five miles south 
of Fort St George The northern side of the river leads into the backwater 
which is a shallow sheet of water about one square mile in area, lying between 
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San Thome and Adyar, On the east, the backwater closely borders 
the sand bank that separates it from the seashore, while its northern and 
western portions extend into shallow mud-flats, which are covered by 
water only during high tide, and are more or less permanently dry during 
the hot months of the year, March to July There is no sharp separation 
between the backwater and the nver-mouth proper as the former is 
something like a bay on the northern bank of the river , from the faumstic 



TEXT-FlO 1 


point of view, the portion of the river from the Elphinstone Bridge up to 
the bar, nearly a mile in length and about quarter to half a mile in width, 
along with the backwater forms a typical hrackish-water zone As the 
river is very shallow lower down the bridge, a few island formations occur 
in the middle of its course 

The peculiarity of the place is brought about by the fact that the 
Adyar River is not in communication with the sea throughout the year 
A* the source of the water-supply for the river is the comparatively low 
rainfall of the Chmgleput District (about 49 inches per annum), it is full 
only during the North-East Monsoon period (October to December) when 
there is good flow of fresh water into the sea, and the nver-mouth is fairly 
deep and brood during the flood season This condition exists only for a 
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period of about two months. As the strength of the current gradually 
weakens, tidal eflects are markedly felt and the rapid flow of water is very 
much inhibited The presence of the backwater is of much significance in 
that it allows a good admixture of sea water and freshwater The«e condi¬ 
tions change with the advent of summer The river becomes gradually 
reduced to a languid line of water with practically no flow By about the end 
of January, the fringes of the backwater get dried up, leaving some of the mud¬ 
flats exposed The immediate effect is an increased flow of water from the 
sea into the river and the backwater , but this is soon retarded bv the 
action of breakers, which raise up a sand bank at the mouth of the river on a 
line with the shore Thus the connection of the river and the backwater with 
the sea is intermittent during February , but it is completely cut off by the 
end of March The sand bank, or the bar as it is called, widens out in latter 
months, reaching a maximum width of about three-quarters of a furlong 
The bar is prominent until the next rainy season when the nver-cunrent 
is again strong enough to forte its way into the sea The tunes of opening 
and closing of the bar may be considered as approximately occurring be¬ 
tween October and November, and between February and April respectively 
The Cooum River is only a tidal creek (similar to the Matla River of 
Lower Bengal) which has a tortuous course in the city of Madras It is 
practically dry during the summer months At the monsoon time, a good 
amount of rain water collects in the river A temporary connection is now 
established with the sea, about half a mile south of Fort St George, where 
the river crosses the Buckingham Canal Soon after the monsoon, however, 
a liar is raised, but this is quite low and allows the inflow of small quanti¬ 
ties of sea-water during high tide The portion of the Buckingham Canal 
with which we are concerned in this paper is that between the Adyar and 
the Cooum, from the point where it cuts the former near the Adyar Boat 
Club four miles up the river, to the point where it crosses the Cooum near 
the Napier Bridge to the south of Fort St George 

Geologically, the whole locality is built by the sea straggling over a 
large area of the sandy soil characteristic of the greater part of the Coro¬ 
mandel Coast The soil of the adjoining areas consists of a mixture of sand 
and red loam The nature of the soil is such that in the wet weather, many 
temporary pools of water are formed , this Is enhanced by the presence of 
tidal creeks like the Cooum In the formation of the backwater, the sand¬ 
laden current of the coast coming from the south and grazing the shore In 
a northerly direction towards the head of the Bay of Bengal, must have 
played a prominent part since it has caused the sea to recede, and has 
directed the water and silt of the sluggish river in the direction of the 
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backwater A number of marine and estuarine shells in a sub-fossil or 
fossil state have been recorded from the Ad>nr locality by Oldham (1893) 

The bottom of the river as well as of the backwater is of a muddy con¬ 
sistency, but the sandy element m the soil becomes pronounced as we 
approach the sea Excepting on the eastern border, the whole of the back¬ 
water-edge is muddy, composed of thick brown mud mixed with black clay, 
the latter predominating in its northern sides where the bed is almost com¬ 
pletely composed of fine, loose clay In the river-bed, the clay is less 
marked, but the soil is conqiosed of sand and mud mixed in more or less 
equal proportions The boulders of the Elphinstone Bridge and the small 
bridge near the Adyar Cemeten, and the stonv embankment near the 
Theosophieal Society’s Quarters on the southern bank of the river are the 
only hard substrata in this brackish-water tract, giving shelter to typical 
rock-dwelling species 

The Depth —The chief difference between the river and the backwater 
lies in their respective depths Nowhere in the backwater is the maximum 
depth more than 4 feet during low tide, except during floods Two distinct 
rones may be observed in the backwater a middle zone that nc\er dries 
up even in the hottest months and extends from the bar up to the small 
bridge in a curve , and a marginal zone on the fringes of the former, consis¬ 
ting of mud-flats, which are completely submerged only during monsoon 
times and are normally left exposed during low tide The relative depths 
of the two rones are such that when the marginal rone is just exposed, the 
water in the middle zone will be two to four feet deep In contrast with the 
backwater, the river is considerably deeper , even during the dry weather, 
a channel, nearly six feet deep, is noticeable near its southern bank up to 
about a mile from the sea This extends right up the river and is navigable 
for small country crafts A similar deep channel is seen on the northern 
bank almost up to the bridge but beyond this up to the Boat Club the river 
merges into a series of mud-flats and small pools of brackish-water These 
pools arc brackish although many of them have no direct communication 
with the river Their brackish nature is the result of percolation of water 
through the raised banks One such pool near the Boat Club is fairly big 
and will be specially referred to later Higher up the river, the pools contain 
only fresh water and are inhabited mainly bv freshwater organisms 

The Tides —The tides are felt only in the months during which the bar 
is open their influence is felt up to a distance of about three to four miles 
up the river The maximum tidal effect is a little after the monsoon, from 
about January to the end of February, when the river-current is feeble 
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The maximum tidal range is about three feet. As has been mentioned 
above, the initial drying up of the backwater during the early summer 
months is followed by an increased flow of water from the sea into the over 
and backwater until a bar is formed 

The Vegetation —The vegetation is rather poor in the river as may be 
expected from the depth and the flow of water , but the backwater is in 
sharp contrast with this, its shallow stagnant situation being particularly 
suited to the luxuriant growth of algse Numerous forms of ftlg* 
inhabit the middle rone of the backwater, chief among them are 
linteromorpha and Chatomorpha Algal beds are best developed during 
the summer months of the year when they occur almost everywhere and 
give shelter to numerous organisms The bottom of the middle zone of 
the backwater and the shallow portions of the river is closely covered with 
Polamogetons while marsh plants like Avtcenma and Sueita are quite common 
m the mud-flats and the islands in the river As we proceed higher up, 
freshwater forms like Spirogyra, Ceratophylhm and others may be found 
in large numbers 

The hnvtronment 

The sahmty, temperature, pH, chlorine and excess base values are 
given in the aceompan) ing table, from a set of readings taken in 1933 
These readings refer to the conditions near the bar As may be expected 
from the nature of the locality, the sahmty of the water in the backwater 
and the river is liable to great variation, being not only different m different 
times of the year, but also varying in different places at the same time. 
The sahmty is highest from January to March when the rains have practi- 
tally ceased but the bar remains open—a period during which the maximum 
Table I 

Hydrographical Readings Averages for 1933 

Adyar River Water, near Bar _ 
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flaw of sea-water into the backwater takes place At the bar the salinity 
of the water was 28-17 , 30-44 , and 29 92 per nulle in the months of 
January. February and March respectively The corresponding figures 
for April, May and June were 17 29, 19 74 , and 16 91 respectively 

The greatest variations in salinity occur when the bar is closed since the 
occasional showers during June-July bring down considerable quantities 
of freshwater, effecting a notable reduction in salinity On the other 
hand, intense heat of the summer results in an increase in salinity of the 
backwater, especially of the pools in the marginal zone, since the volume 
of water is very much lowered owing to drought 

In the absence of any large river o]>ening into the sea in the vicinity 
of the citv of Madras, the salinity of the coastal waters here is much higher 
than the records for the upper limits of the Bay of Bengal According to 
Sewell’s charts, the maxima and minima are 34 50 (June-August) and 
32 00 (Septembcr-November) per mille respectively (Sewell, 1929) 
This is in sharp contrast to what occurs at the head of the Bay, where the 
surface salinity may be so low as 21 00 periodic, owing to the large volume of 
freshwater brought down by the Ganges and the Brahmaputra The change 
from marine to brackish-water conditions is gradual in the Gangetic 
Delta, while it is rather abrupt at Adyar 

Temperature —The maximum and minimum records of temperature 
of the water are 33 80 and 25 00 degrees Centigrade respectively The 
temperature is the lowest during the rainy season when the bar is open, 
and Is highest during the summer months Mav and June From January 
to March, the temperature of the water Is slightly higher than that of the 
air, whde in the succeeding months of April, May and June it is below the 
air temperature As m the case of salinity, the temperature is also subject 
to a great amount of fluctuation In the backwater, there is often dif¬ 
ference between the readings for the middle and marginal zones, and the 
surrounding pools. The deeper central zone has a more uniform tempera¬ 
ture than the other regions The exposed mud-flats with numerous pools 
show the greatest amount of variation as they are quickly heated up by 
sunlight The following readings of surface temperature taken at 12 Noon 
ona bright sunny day in themonthof October (1-10-1934) are illustrative — 
Temperature of the sea-water 
Temperature of the water at bar 
Middle zone 
Marginal zone 

Temperature of an isolated pool. 


27° 70 C 
28°-00 C 
29° 20C 
32°-00 C 
33°-80 C 
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The maximum difference noted between morning (8 am) and afternoon 
(2-3 pm) temperatures is 3 5° during the month of June 

The pH values normally vary between 8 and 9 As will be seen 
from the table, the highest values are observer! during the months June 
and July. 

Itit of Animals Collected from the Brackish-waters of Madras. 

The following list docs not include the Protozoa and the Rotifera since 
we have not made anv special study of them Only the commonest species 
of the Copepods obtained are listed The other groups are fairly exhaustive 
Those speues which have been recorded by other authors, but which we 
have not been able to obtain, are mentioned separately The latest nomen¬ 
clature has been followed as far as possible 
Phylum Ponfera 

Spongilla sp 

Phylum CalenUrala 

Class Hydrozoa 

Dtcyclocoryne filamentata (Annandale) Medusa; onlv 
Campanidtna ceylonensis (Browne) Medusie only 
(Phortu ceylonensis of certain authors ) 

Campanularta (Clytia) noltformts McCrady Hydroid only, 

Laomedea (Obeha) spmulosa Bale Hydroid only 
Class Scyphozoa 

Acromtus flagellatus (Hreekel) The species is probably the same 
as A rabanchatu Annandale (vide Rao, H S , 1931) 

Class A nihozoa 
Order Achntana 
Sub-tribe Athenana 

Phytocwtes gangeticus Annandale 
Phyloccetenpsis ramunnu Panikkar 
Stcphensonactis ornata Panikkar 
Pelocceles exttl Annandale. 

Sub-tribe Boloceroidarta 
Bolocerachs gopalat Panikkar 
Bunodeopsis sp (not B strumosa) 

Sub-tribe Aconttana 
A iptasiomorpha sp 

Phylum Platyhelmmthes 

Order Acoela 

ConvohUa sp. ? 
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Phylum Nem erica 

Order Heleronemeiitnt 

A species belonging to this order is common in the pools of brackish- 
water all through the year 

Phylum Nemalhelmmthes 

Class Nematoda 

Family Oncholatmtda 

Oncholaimus sp Common free living Nematode The species 1* 
different from O tndtcus and O chtlkiensts 
Phylum Annelida 

Order Polychata 
Family Hesionida 

Ancvstrosylhi conslrttla bout hern 
Family Nereides 
Lycastis tndtca Southern 
Nereis glandicmcta Southern 
Nereis chtlkesnsts Southern 
Family Eumctdee 

Diopatra vanabtlts Southern (Fauvcl, 1932. considers the species 
as being synonymous with D neapohtana 
Marphysa gravelyi Southern 
Lumbrtconerets polydesma Southern 
Lumbnconereis sp 
Family Nephthydidee 
Nephthys polybranchia Southern 
Family A rtcttdes 
Scolopios sp 

Scolecoltpis sp Probabl} 5 tndtca 1-auvcl 
Family Spiontdet 

Polydora ctkata Johnston 

Polydora kempt Southern «. 

Pnonospto ctrrtfera Wiren 
Family Captlelltdee. 

Heteromastus stmtlts Southern 
Capttella sp 
Family Sabelhdes 
Laonome tndtca Southern 
Potamtlla leplochcela Southern 
Family Serpultda 

Hydrotdes norvepca Gunnerus. 
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Order Oltgoclfata 

Family Megascolecidee 

Ponlodnlus bermudtnsts Beddard 

Phylum Potyioa 

Order Clenostomata 
Family Vesiculanda 
Bowerbankta caudala Hmchs 

Phylum Arthropoda 

C'la«s Crustacea 
Order Copcpoda 

Onlv the commonest spec us are noted 
Acarlta si/ulhwellt Sewell 
Pseudodtaplomus atmandala St well 
Order Ctrnpedia 

Division Operculata Family Balamdet 
Balanus amphttnle Darwin 
Order Schtzopoda 
Mysidacea Family Mystda 

Rhopalophlhalmus egrtgxus Hansen 
Mesopodopsts onentalts (Tattcrsal) 

Order Amphipoda 
Amphipoda Cenutna Gammanna 

Grattdtdierella megnea (Giles) 

Gratultdurella gtlest Chilton ^ 

Paracalliopt flwnatxUs (C M Thomson) 

Order Tanatdacea 

Apseudes sp not A chxlkansn 
Older Isopoda 
Isnpoda Genuxna 

Family Ctrolanxdre 

Ctrolana sp probably C pleonastica Stebbwg 
Family Sphocromxdce 

Spharoma vastator Spence Bate (S terebrans of certain authors ) 
Family Cymothoxdie 

Cymothoa xndxca Schiodte and Meinert The species is parasitic in 
the mouth and gill chambers of Etroplus maculaius, E suratensts 
and Glossogobxus gxurxs (Pantkkar and Aiyar. 1937) 

Family Lxguda. 

Lxgxa exotica Roux. 

Order Decap oda 
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Decapoda Nalantm 
Trtbe Candea. 

Family Palamontda 
Pencltmenes tndua Kemp 
Pencltmenes deman i Kemp 
Leander sp, 

Palamonetes hornelli Kemp 
Palamon latnarret Milne-Edwards. 

Family Alphetdee 

Alpheus malabartcus Fabricius 
Alpheus paludtcola Kemp 
Alpheus sp A rapax ? 

Tnbe Penatdea 
Family Pencetda 

Pettaus cartnalus Dana 
Penaus tndtcus Milne-Edwards 
Penaopsts monoceros (Fabnuus) 

Decapoda Reptantta 
Tribe Oxystomata 
Family Calapptda 
Malula vtclor (Fabncms) 

Tribe Brachygnatha 
Family Ocypodtda 
Ocypoda cordtmana Desmarest 
Ocypoda macrocera Milne-Edwards 
Uca ( Gelastmus ) annultpes (Latrcille) 

Uca ( Gelastmus ) tnangulans (A Milne-Edwards) The species is 
recorded by Henderson We have not obtained it so far, 
Metaplax dtsltncla (Milne-Edwards) 

Family Grapstdce 

Varuna litierata (Fabricius) 

Sesarma telragonum (Fabricius) 

Sesarma quadratum (Fabricius) 

Grapsus maculalus Catesby (Syn G grapsus ) 

Metasesarma rousscauxtt H Milne-Edwards 
Family Portuntda 

Scylla serrata (Forslcal) 

Neptunus pdag\cus (Linnaeus) 

Neptunus sangutnolenlus (Herbst). 
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Tribe Pagurtdea 
Family Pagurtda 

Cltbanarius olivaceous Henderson 
Cltbanarius padavensts De Man 
Dtogenes s>p D avarus ? 

Phylum Mollusc a 

Class Lamellibranchiata 
Family Ostreidiv 

Ostrea arakanensts Sowerby The species is sy no 
sensn and O vtrgtruca of Preston and 
Wiuckworth, 1931) 

Family My Hilda 

Modiolus strut lulu Hanley 
Modiolus undulatus (Dunker) 

Family Arctdcc 
Area granosa (Lmnceus) 

Family Venertda 

Meretnx casta Chemnitz 
Family Lusptdarnda 
( usptdarta cochtnensts Preston 

Class Gastropoda 

Family Hydrobuder 
Stenothyra blanfordiana Nevill 
Amntcola ( Aloctnma) slenolhyiotdes Dohrn 
Family Centhudce 
Potamides cingulatus (Gmchn) 

Melania tuberculatus (Muller) 

Family Nasstda 

Pygmaonassa orissatnsts (Preston) 

Family Aplysuda 
Aplysia sp 
Family Hermceida 
Stiliger gopalai Rao 

Phylum C hordata 

Class Pisces 


Order Teleostei 


Sub-Order Malacopterygu 
Family Elopstda 

Elops indtcus Swainson 
Megalops cyprtnoides (Broussonet) 


ivinous with 0 madra- 
other authors (»tde 
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Family Chamda 

Chanos chanos (Forskal) 

Family Clupeida 

Engrauhs purava (Hamilton Buchanan) 

Stolephorus commersonu bacepede 
Clupeotdcs hie (Cnv ct Val ) 

Sub-Order Oslanophyst 
Family Stlurida; 

Plotosus cantus Ham Ruth 
Macrones vttlalus (Bloch ) 

Macrones gulio (Ham Buch ) 

Macrones keletius Cuv ct Val 
Family Cvprtntda 
Barbus sophore (Ham Buch ) 

Barhus dorsalis (Jordan) 

Barbus amphtbtus (Cm ct Val) The species is not represented in our 
collections, but is mentioned by Raj (1916) 

Sub-Order Haplotnt 
Family Cypnnodonhdee 
Panchax parvus Raj 
Aplochetlus tnelasitgma McClelaud 
Sub-Order Percesoces 
Family' Scombresoctdee 

Hemiramphus limbalus Cuv ct Val 
Family Mugihdce 
Mugil cephalus bmn 
Mugtl sp 

Family Sphyrecntda 
Sphyrtvna jello Cuv et Val 
Sub-Order Acanthopterygn 
Family Serrantda 

Serranus sexfasctalus Cuv et Val 
Chanda ( Ambassis ) ambassts (bacepcdt) 

Chanda (Ambassis) myops Gunther 
Luljanus johnit (Bloch) 

Therapon jarbua (Forskal) 

Therapon pula Cuvier 
Therapon quadnlineatus (Bloch) 

Family Stllagtnida 
StUago sthama (Forskal) 
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Family Squamiptnnes 

Scatophagus argus (Bloch) 

Family Mulltda 

Upeueus sulphureus Cuv et Val 
Family Gobttda 
Sub-family Gobttna 
Gobi us polynema (Bleeker) 

Gobius melanosttcta Dav (Not obtained by us, but mentioned by Day.) 

Gobtus cnmgtr Cuv et Val 

Glossogobius gturts (Hamilton Buchanan) 

Ctenogobius (Oltgolepts >) acuitptttnts (Cuv ct Val ) 

Ctenogobius meggtUt Hof a and Mukerji. 

Acentrogobius nctllt (Day) 

Acentrogobius vtruitpuncialus (Day) 

Oxyunchthys lenlacularts (Cuv ct Val) 

Apocryptickthys sp Not A cantons Day 
Boleophthalmus boddaerti (Pallas) 

Sub-Family Elcotnna 
Eleotns fusca (B1 and Schn) 

Sub-family Penophthalmtnie 
Penophthalmus kcrlreutn (Pallas.) 

Penophthalmus pcarset Eggert 
Sub-Order Zeorhombi 
Family Bothnia 

Pseudorhombus arsius (Hamilton Buchanan) 

Pseudorhombus javantcus (Blcekcr) 

Scombnfomes 

Family Carangidee 
Caranx ctltarts (Bloch) 

Jugulares 

Family Blennxda 

Petroscirtes bhattacharya Chaudburi 

Scleroparet 

Family Platycephahdec 
Platycephalus scaber (Finn) 

Platyccphalus tnstdtalor (Forskal) 

Chromtdes 

Family Ctchhda 
Etroplus maculatus (Bloch) 

Etroplus suratensis (Bloch) 

Sub-Order PUciognatht 



The Brackish- Water Fauna of Madras 


299 


Sclerodemtt 

Family Tn acanthi dee 

Triacanthus brevtrostrts Teram and Schleg. 

Cymnodontes 

Family Tetrodontxda, 

Tetrodon patoca Hamilton Buchanan 
Tetrodon mennts Temni and Schley 
Class Reptilta 

Order Ophtdia 
Natrtx pi scat or (Schneider) 

Cerberus rhynchops (Schneider) 

Regional Distribution and Range of Fauna 

Apart from the regional survey of the fauna of Adyar that follows, 
the range of distribution of many of the spec us may be indicated here, 
especially of those that show great restriction or variation in occurrence. 
Species that have a wide range of distribution from the bar (even seashore 
in some instances) up to the inner reaches of the river and the backwater 
where the water is almost fresh during low tide are — 

Acromttus ftagellatus 
Lycastts tndtea 
H(ieromastus smilts 
CaptUlla sp 
Modiolus stnatula 
Scylla serrata 
Mesopodopsis orientahs 
Tetrodon patoca 

These species have been obtained from collections made from the river 
near the Teachers' College and the Engineering College Acromttus flagel¬ 
latus has been observed only during high tide , probably it comes m with 
the rising tide and retreats with the tidal flow, without having the necessity 
to remain in freshwater Others have been collected irrespective of tidal 
influence , Scylla serrata, Mesopodopsis orientahs, Lycastts tndtea and the 
Capitelllds can remain in water that is nearly fresh Earge numbers of 
young ones of Tetrodons and colonies of Modiola were collected from about 
two furlongs east of the Saidapet Bridge, the latter in clusters of hundreds 
from the stony banks of the stream This was in the month of January, 
103(1, an abnormal year as the rainfall was rather scanty , and the bar was 
about to close even though the rainy season was only just over, Only 
Modiola*, Mesopodopsis and the Capitelllds appear to be able to breed 
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here m the uppermost reaches of the brackish-water zone among the animals 
listed previously 

Coming down the river for about a mile and a half from the above 
localitv where the water is almost fresh, the marine element m the fauna 
becomes more marked , and near the Adyar Boat Club the conditions 
probably range from oligohahne to mesolialine environments The fauna 
is not rich in the river proper, but the adjoining pools that occur on either 
side harbour a rich fauna The organisms found in these pools will be 
considered separately The ' marine ’ species that are common in this 
zone of the river are — 

Phylocatn gangettcus 
Lycastts tndtca 
Lumbmontreis polydesma 
Lumbnconereis sp 
Marphysu gravelyt 
Penaopus monoceros 
Grandtdtcrella tnegna 

The tvpical brackish-water tract that borbouts a rich fauna commences 
from about half a milt lower down, and consists of that part of the river 
near the Elphnistone Bridge and the backwater The animals that are 
found quite close to the bar include only true marine species and are 
obviously forms that cannot survive great decrease m the salinity of the 
environment 

One usnallj finds the following animals at or near the bar — 

Glycera sp 
Ocypoda cordmana 
Ocypoda macroccra 
Matuta wdor 
Neptunus sangutnolenlus 
Neptunus pelagicus 
Apylsut sp 

Plaiycephalus tnstdiafor 

Cltbananus padavensn is also found but its occurrence m this region is not 
due to its lack of adaptaliona! power to less saline environments, but only 
to a preference to a sandy bottom The invertebrate animals that are 
common m the seashore just opposite the mouth of the river and the vicinity 
are — 

Cavernularta malabarica 
Sphenopus marsvptahs 
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Onuphts eremita 
Glycera sp 
Donax sp 
Lewdomus viItatus 
Ltitonna sp 
Oltvta gibbosa 
Albunea semntsla 
Emenla (Htppa) asialtca 
Phtlyra scabnscula 
Ocypoda platyiams 
Ocypoda macrocera 

Excepting Ocypoda macrocera, none of tlusc sjiecies lias invaded the 
brackish-water 

The distribution of many of the species is considerably influenced In 
the nature of the substratum Species like Potamides cmgulalus, Phyto- 
ccetes gangetuus, Phytocoeteopsis ramunmi, SUphensonactis ornata, Scylla 
serrata, Via annuhpes, Sesarma quadratum, Sesarma tetragonum and a few 
others are not found in completely sandy areas Thev show a definite 
preference to localities where the bottom consists of sand and mud mixed 
more or less in equal projiortions However, Sesarma telragonum, S quadra- 
turn and Uca annul'pet are more frequently found in wet mud-banks that 
are not submerged as all of them are of almost terrestrial habits The 
majority of Polyehittes are also found in shallow localities of a mixture 
of sand and mud Neplunus pelagtcus, A’ sangumolentus, Matuta victor, 
Cltbananus padavensts, Ocypoda cordtmana, O macrocera and Platycephalus 
insultalor are species almost invariably restricted to sandy regions The 
south-western fringe of the backwater is characterised by soft black clay 
that emits hy drogen sulphide anti the fauna here is rather sparse There 
are practically no animals where the elay is thick, but in other regions where 
the sub-stratum is loose Lumbruonerns sp, Marphysa gravelyi and 
Pnonospio cimfera are often common among the Polychtetcs, and Stcnolhyra 
blanfordtana and Pygmceonassa onssansis among the Molluscs The 
Buckingham Canal, the Cooum, and the brackish-water ditches adjoining 
them have a poor macroscopic fauna as the water in them is much polluted 
The animals that are collected usually from these localities are Sesarma 
quadratum and Lycastis tndica near the water edge, Marphysa gravelyi, 
Melanoides tubenulatus and Lumbnconereis sp in the mud Small ditches 
of water near the Cooum bar harbour large numbers of Potamides cmgulalus 
Metasesarma rousseauxtt is often found crawling amidst the stones near the 
Napier Bridge 
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Btonomtcal Classification of the Fauna 
The backwater and the river may be divided according to the environ¬ 
mental conditions and the habits of the different species into the following 
groups 

/ Fauna of the Algal Beds —The backwater and the adjoining pools 
harbour a rich algal flora consisting of species of Enleromorpha, Chatomorpha, 
GractUarta and other forms, while the bottom is often covered with 
dense growths of Potamageton sp The number of animals inhabiting 
the alga: and the leaves of Potamogetous is very great and they are here 
collectively designated as the algal-bed fauna As the maximum algal 
growth is during the summer when the bar is closed and the water still, the 
animals inhabiting the alga: have corresponding maxima periods in summer 
The following forms have usuallv been obtained from the algal beds • — 
Boloceracits gopalat 
Bunedeopsts sp 
Plananan (Convoluta sp ?) 

Oncholatmus sp 

Bowerbtinkta cauiala 

Nerets glandictncta 

Modiolus undulatus 

Stenothyra blanfordiana 

Amntcola (Aloctntna) stenothyroides 

Cusp id art a cochtnensts 

Sltltger gopalat 

Grandtdtcrtlla tnegnee 

Grandtdterella gilest 

Paracalltope fiuvialths 

Of these the species of Amphipods are obtained in large numbers 
all through the year. The Molluscs are usually common only dunng the 
summer and a few succeeding months The Plananan has been noted only 
in the month of August, and that for a short period None of the other 
species shows any particular dominance during other periods The ftlgK 
amongst which the animals live form the foorl for many of them 

II Fauna of Rocky Substrata —The animals grouped under this head 
include (1) attached forms like Balanus and Laomedea which are found on 
the boulders of bridges, stones on the banks, etc , (2) species that occur in 
water where the bottom is stony , and (3) forms that live on stones on the 
water-edge and are aquatic, amphibious or terrestrial The following are the 
common species •— 
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Spongilla sp 

Campanulana noltformts 
Laomedea sptnulosa 
Atplastomorpha sp 
Nereis chilkansts 
Anaslrosyllts consirtcta 
Hydrotdes norvegtca. 

Modiolus stnalula 
Ostrea arakanensts 
Balanus amphitnte 
Sesarma quadratum 
Cltbananus olivaceous 
Grapsus tnaculalu s 
Ligia exotica 
Ctrolana sp 

Of these the Sabellid and Hydroids are common only when the bar is open 
Gobotd fishes like Acenlrogohus virtdtpuntlatus, C/enogobtus meggitii and 
Glossogobtus giuns, and the Cichd fish Etroplus maculatus and E suratensis 
are often collected from localities with a stony bottom Their eggs are 
found attached to the stones, empty shells, etc The snake Natrtx ptscator 
is fairly common on the southern banks of the river 

III The Free-Swimming Fauna— The following animals constitute 
the free-swimming element of the fauna — 

Dtcyclocoryne filamentata (Medusae) 

Campanultna ceylonensis ( ,, ) 

Acromiius flagdlatus 
Mesopodopsts onentahs 
Rhopalophthalmus egregius 
Pertcltmenes indica 
Penclimcnes demam 
Leander sps 
Paleemon lamarrei 
Penetus cartnatus 
Pcnesus indicus 
Penceopsis monoceros 
Copepods 
Fish 

IV Fauna of the Marginal Zone— The animals that inhabit the 
marginal tone of the backwater include numerous species , the majority of 
them are inter-tidal forms found m the mud-flats or the water edge Most 
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of the species are either amphibious or terrestrial, or the species are capable 
of surviving temporary exposure to air They are highly resistant and are 
endowed with great powers of adaptability The following species may be 
noted — 

PhyloccrUs gangehcus 
Cltbananus olivaceous 
Cltbananus padavensis 
Sesarma quadratnm 
Sesarma tetragonum 
Metasesarma rousseauxu 
Metaplax distmcta 
Varuna litterata 
Uca annuhpes 
Stcnolhyra blanfordiana 
A mnicula stenothyrotdes 
Polamtdes cmgulatus 
Penophthalmus pearsei 
Pertopkthalmus kcclreutn 
Boleophlhalmus boddarlt 

The species of Cltbananus, Sesarma quadralum, Uca annulipes, Polamtdes 
cmgulatus, the Hvdrobnd Molluscs, and Boleophthalmus boddarh are the 
commonest species found near the edges of the Adyar backwaters, especi¬ 
ally when the mud-flats are exposed The marginal species found near the 
mouth of the Cooum are Polamtdes cmgulatus, Melania luberculatus, Metase- 
sarma rousseauxu, Ocypoda cordttnana, Sesarma quadratum and Uca annu¬ 
li pcs 

V Fauna of the Middle Zone —Passing on to the middle zone of the 
backwater, the following species are commonly met with — 

Pelocates exul 
Marphysa gravelyt 
Dtopalra vanabtlis 
Lumbriconerets sp 
Heteromastus sp 
Meretnx casta 
Pygmteonassa ortssamsts 
Matuta victor 
Scylla serrata 

In addition, most of the free swimming species of Crustaceans, and 
fishes are also obtained from the middle zone The anemones Phytocceteopsts 
ramunnu, Stephensonaciis ornata and Phytocccles gangehcus are found between 
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the marginal and middle zones of the backwater The last mentioned 
species has also been obtained from exposed mud-flats with very little water 
VI The Mud-Burrowing Fauna —Most of the sjieues listed above 
under the fauna of the marginal and middle zones are either mud-burrowing 
in habits or are capable of tcmiioranlv remaining in the mud The follow¬ 
ing species are typical burrowers — 

(а) Under water— 

Phytoccrtes gangeltcus 
Phytocceleopsis ramunnu 
Stephensonactts ornata 
Peloccetes exul 
Marphysa gravelyi 

Dwpatra vartabtlis (also tube-dwelling) 

Lumbrtconerets sp 
Prtonospio sp 
( aptlella sp 
Heteromastus sp 

(б) Outside water— 

Sesarma quadratum 
Sesarma lelragonum 
Melasesarnta rousseauxit 
Varuna Utterata 
Uca annuhpes 
Ocypoda cordtmana 
Ocypoda tnaerncera 
Pontadnlus bermudensts 

Species that can temporarily remain under the tnud in the watei for 
varying periods arc — 

Apseudes sp 

Meretrtx casta 

Scylla serrata 

Alpheus malabancus 

A Ipheus paludtcola 

Penaus indteus (Young ones) 

Penaus cannatus (Young ones) 

Pcnteopsis monoceros 
Leander sp 

Penophthalmus pearset 
Boleophthalmus boddarh 
Platycephalus scaber 
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The following species creep about near the water-edge 
Cltbananus olivaceous 
Cltbananus padavensts 
Potamides ctngulaius 
Stenothyra blanfordtana 
Amntcola stenothyroides 

VII Species Capable of Aerial Respiralwn —Many of the animals 
inhabiting the mud-flats are either amphibious or terrestrial in habits 
Though they belong to groups of animals that are primarily aquatic, they 
are capable of varying degrees of aerial respiration The crabs and the 
Goboid fishes are the most remarkable among them as they show a senes 
of adaptations designed for aerial respiration, and some of the Cmstaceans 
are thoroughly terrestnal and can respire onh outside water The following 
species mostlv remain outside water — 

C rustacea— 

Grandtdterclla rnegner 
Grandidierella gilesi 
Puracelliope fiuviatxlis 
Ligta exotica 
Uca annultpes 
Ocypoda cordtmana 
Ocypoda macrocera 
Metaplax distmcta 
Metasesarma rousseauxtt 
Sesarma quadratum 
Sesarma (elragonum 
Grapsus maculatus 
Varuna htlerala 
Cltbananus olivaceous 
Cltbananus padavensts 

Among these species, Ocypoda cordtmana, 0 macrocera, Grapsus maculatus, 
nnd Ligta exotica are almost completely terrestnal 
Fishes — 

Penophthalmus pearset 
Penophthalmus kcelreutn 
Boleophlhalmus boddcerU 
Other Invertebrates — 

Lycastis xndica 
Capttelltds 
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Polamtdts ctngulalus 
Slenothyra blanfordutna. 

Amntcola stenothyroides 

In addition, the following secies can survive exposure to air for dif¬ 
ferent periods varying according to the species — 

Phytocales gangeltcus 
Scylla serrata 
Neptunus sangutnolenlus 
Palamon lamarrct 
Peneeopsis tnonoceros 
Oxyunchthys lentaculans 
CUnogobtus (Olxgolepts ?) acuttptnms 
Platyccphalus scaber 

VIII Fauna of Isolated Brackish-water Pools —The pools of brackish- 
water in association with the backwater and the mer are of three kinds, 
they are —(1) Small pools on the fringes of the backwater, harbouring 
a rich algal flora during the summer, and at other times having the same 
environmental conditions as the backwater, (2) Salt j-ools that occur oil 
either side of the river up to an extent of about three miles fToni the river 
mouth, and (3) Pools in which the water is only very slightlv brackish or 
completely fresh, occurring higher up the river and containing freshwater 
organisms in addition to a few brackish-water species that enjoy a wide 
range Of distribution (compare above) 

The first type of j>ools contains the following species, excluding the 
alga-inhabiting forms which have been given separately 
Phytocaetes gangeltcus 
Phytocoeteopsts ramunnti 
Campanuhna ceylonensts 
Clibanartus olivaceous 
Paracalhope fluvtalilis 
Grandidterclla rnegnee 
Potamides cingulaius 

The temperature fluctuations arc rather high in these pools as has already 
been pointed out, 

The pools belonging to the second category are numerous, but a 
large and typical one is that found near the Adyar Boat Club, the fauna of 
which during the different seasons was studied by us in detail This pool 
is situated in somewhat marshy soil just adjoining the Adyar River on its 
west and the Buckingham Canal to the south, and it is about half a furlong 
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long The pool gets filled up by the November rains, but the level of the 
water gradually falls m the succeeding months The depth of water is about 
2-2| ft during Novetnbcr-December jieriod (this is about the maximum 
depth), but bj February, the depth is only a few inches The pools are 
almost without water by about March Owing to percolation of water 
from the river, the water in the pool remains brackish all through the year 
and the fauna is what is characteristic of the brackish-water From 
November to March, the following species are obtained from these pools — 
A cromUus flagdlalus 
Pkytoccetes gangeticus 
Lumbrtconereis polydesma 
Lutnbrtconcren sp 
I.ycaslts xndica 
Marphysa gravelyt 
Heteromastus stmtlts 
Prtonospto ctmfera 5 
Mesopodopsts onenlahs 
Penclmenes tndica 

Palccmon lamarret (Stray individuals only) 

Paracalltope fluvtattlts 
Sesarma quadratum 
Sesarma tetragonum 
Aplochetlut melasttgma 
Acentrogobius netllt 
Acenlrogobtus vmdtpunctalus 

By April, the conditions of the pool change very' much Since most of 
the aquatic species perish with the drought The interesting point about 
this pool is that unlike the pools in the mud-flats that completely dry up 
during the summer, the bottom remains slightly moist even in the hottest 
months of the year as a result of percolation of water from the ri\ er Contrary 
to what happens m the mud-flats, the muddy substratum does not become 
cracked up in the usual manner During this period, the pool has 
a certain amount of resemblance to a salt marsh , and as is usual with the 
salt marsh fauna, typical terrestrial species are met with m large numbers 
Numerous insects, among which the one frequently encountered is a For- 
ficulid, and a spider belonging to the genus Olios (Family Sparassidte) and 
probably to the widely distributed Oriental species Olios lamarcki (Latreille), 
are quite common in the marshy mud until about the month of October, 
when again the pool gets filled up by the rains, thus giving place to the 
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during the summer, species like Lumbnconereis sps , Phytoccetes putigcHcus, 
and the Capitellids do not actually perish during drought, but remain alive 
and inactive in the wet mud 

The pools belonging to the third category arc much smaller m area 
and poorer m fatlna than those described before Tht following species 
are noted from them — 

Lycashs tndica 
Lumbnconereis sp 
Stcnothyra blanfordiana 
Amnicola stenothyroides 
Indoplanorbts exustus 
Melania luberculatus 
Mosquito larva (Culex group) 

Chironotmd larva 

In addition to these species, tadpoles and adults of the common 
frog Rana cyanophlyctes Schneider have also been met with in these pools 
during the rains weather 

Verttuil Distribution of Animals 

I Inhabitants of the Mud-fiats —The vertical distribution of the 
inhabitants of the mud-flats ts represented m an imaginary section passing 
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through a mud-flat The different levels at which the burrowing specie* 
occur are indicated in the figure. All the species marked do not occur in 
any one particular locality The groups of animals that show a distinct 
rotation m the inter-tidal rone are the crabs The Ocypods, 0 cordtmana 
and 0 macrocera, are the species that occur farthest from the water-level 
near the bar , in other places the corresponding species is Sesarma teiragonum, 
which inhabits deep burrows The habits of the Ocypods and those of 
Sesarma arc by no means similar, for, while the former mostly remain 
outside the burrows, retiring into them only for safety, the latter rarely 
come out Gelastmus (Uta) annultpes and Sesarma quadratum inhabit 
burrows above water edge In all the burrowing crabs, the depths of the 
burrows are such that they run on a line with the low tide level so that 
there will be a little water in them even during low tide Among the Poly- 
chictes, l.ycastis tndtea and the Capitellids are often observed above the 
water-level Llibananus padavensts, C olivaceous and Scylla serrata arc 
luter-tidal m habits, but the last mentioned is a swimmiug form and hence 
cannot be said to have any restricted occurrence 

11 Plankton— The following notes on the plankton of the Adyar 
backwaters are based upon a number of collections made between November 
1933 and October 1930 An ordinary muslin tow-net was used for making 
collections, which, on the average, were made once a fortnight During the 
August January period when the planktonic organisms are particularly 
noticeable, tow-netting was done almost every week during the years 1934 
and 1935 On the other hand, the number of collections made during the 
summer months is rather low , and often, the tow-net water yielded nothing. 
Planktonic study not being our main objective, the observations made here 
are intended only for pointing out some of the more important features of 
the plankton We have not paid attention to the study of the Protozoa , 
of the Cojiepods, only the commonest species have been noted One great 
difficulty experienced was m tow-netting small pools of brackish-water, 
these pools have been eliminated from the study, but several collection* 
have been made from the large salt pool near the Boat Club There is not 
the least doubt that vanations take place from year to year in the consti¬ 
tuent elements of the plankton in the different months depending upon the 
changes in the rainy season and their influence on the time of opening and 
closing of the bar. An approximate idea of the nature of the plankton 
during the different months may be gathered from the following summary 
of our records .— 
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November Bar just open 
Acromttus Jlagellalus Ephyrae Common 
Campanuhna ceylonensts Rare 
Rhopalophlhahnus egregtus Swanns m 1933 
Mesopodopus onentahs .Swarms 
Penttus cartnaius Post-larval stages Common 
Pemeus tndteus. Post-larval stages Common 
Clupetd larva Common 
Therapon jarbua Young ones 
Acentrogoinus netlli larval and Post-larval forms 
Aplochetlus melasttgtna Young and adults 
December Bar oj>en 

Acromttus flagellaius Ephyra: Common 
Dtcyclocoryne filamentata Rare. 

Peneeus cartnaius Post-larval and young ones Plenty 
Peneeus tndteus, Fost-larvol and young ones Plenty 
Mesopodopsts ortentalts Common 
Pectcltmenes tndtea Rare 

Ctrrtpede naupltt (Probably of BaUinus amphttrtle) Common 
Pseudodtaptamus annandalet Common 
OcyPode megalopa (Ocypoda cordtmana ?) 

Therapon jarbua Young ones 
Therapon quadrtltneaius Young ones 
Clupetd larva (Engrauhs and Stolepliorus ) 

Young mullets 

Aplochetlus melastigmu Post-larval and young ones 
January Bar open 

Acromttus Jlagellalus. Young ones Plenty 
Campanuhna ceylonensts Rare 

Peneeus cartnaius. Post-larval and young ones Common 
Peneeus tndicus Post-larval and young ones Common 
Pencltmenes tndtea Rare 
Pseudodtaptomus annandalet Common 
Post-larval Goboids Common 

Aplochetlus melasttgma Young and adult Common 
Young mullets Rare 
February Bar open, but very narrow 
Campanuhna ceylonensts Rare 
Penaus tndteus Young ones Common. 

Peneeus carinatus Young ones Common 
M 
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Young mullets Rare 
Pertcltmenes tndtea Rare 
Veltger larva Rare 
Mesopodopsts ortenlalts 

March Bar almost closed , but sea-water may get in during high tide 
Aplochetlus melasttgma Young ones Common 
Acarha soulhwellt Common 
Pemmds Young ones Rare 
Veltger larva Common 
April Bar dosed 

C ampanultrta ceylonensts Rare 
Acarha soulhwellt Plenty 
Pseudodtaptomus anttandalet Rare 
Veltger larva Common 
Mesopodopsts ortenlalts Rare 
May Bar dosed 

Pertclimcnes tndtea Rare 
Pseudodtaptomus anttandalet Rare 
Veltger larva Plent> 

June Bar closed 

Catnpanultna ceylonensts Common 
Veltger larva Common 
Pertcltmenes demant Rare 
Pertcltmenes tndtea Common 
Mesopodopsts ortenlalts Common 
Palamoneles hornellt ? Rare 
July Bar dosed 

Catnpanultna ceylonensts Common 
A carious planartan (Convolula sp ?) Rare 
Acarha soulhwellt Common 
Pertcltmenes tndtea Common 
Mesopodopsts onentalts Common 
Pseudodtaptomus anttandalet Rare 
Leander sjj Young ones Common 
A ugust Bar dosed 

Catnpanultna ceylonensts Common 
A ccclaus planartan Large numbers 
Pertcltmenes tndtea Common 
Mesopodopsts ortenlalts Common 
Aplochetlus melasltgnta Young ones 
Acenlrogobtus netllt Young ones 
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September Bar closed 

Acromttus flagellatus Ephyraf 
Campanultna ceylonensts Swarms 
Copepod naupltt Large numbers 
Pseudodutplomus annandalei Common 
Acartta southwellt Rare 
Accelous planartan Rare 

Penaopsts monoceros Vcrv young ones Common 
Mesopodopsts onentails Common 
October Bar usually closed, but may open during this month 
Acromttus flagellatus Kphync Common 
Campanultna ceylonensts Common 
Copepods Numerous (Several species) 

Mesopodopsts orientalts Common 
Acentrogobtus netllt Young ones Common 
Accntrogobtus vtrtdipunctatus Young ones Common 
Pertcltmenes tndtea Rare 
Penaopsts monoceros Young ones Common 
General Conclusions on the Fauna 

The list of animals given previously will dearly illustrate the predomi¬ 
nantly marine character of the fauna of Advar and the adjoining brackish- 
waters of Madras Of about 92 species of Invertebrates noted, more than 
eighty species belong to groups of animals that are typically marine The 
freshwater species which have more or less acclimatised to the brackish- 
water conditions are thus comparatively few here , this constitutes the most 
important difference between the fauna of an estuanne brackish-water 
tract and that of a salt marsh In the latter, the animals which are of typi¬ 
cal freshwater habitat, and terrestrial sjieues that have secondarily taken 
to an aquatic inode of life are quite numerous and show varying degrees 
of adjustment to saline environments In the Advar fauna, the note¬ 
worthy groups of freshwater animals which have secondarily taken to 
brackish-water life are the members of the familv Hydrobndoe among the 
Mollusca and some of the Pahcmondiae among the Crustacea 

Among the 54 species of fishes, only seven freshwater forms are noted 
The others include several casual or seasonal migrants from the sea, while 
the majority of them are more or less permanent inhabitants of the back¬ 
water The true brackish-water sjxeeies have been caught when the bar 
is open and when xt is closed , ami m most of them, the young as well as the 
adult fish have been met with Marine species like Stolephorus commersom. 
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Sphyrana jello, Serranus sex/asctatus, Luijanus sp , Therapon quadrthnealus, 
T her upon puta, Upeneus suiphureus, Scatophagus argus, Caranx ctltans. 
Pseudorhombus javantcus, P arstus and Trtacanlhus brevtrostrts have been 
obtained only during the months when the bar is open and the salinity 
high. The freshwater species are the two Chichds, Etroplus maculalus and 
E suratensis, and Macrones vittaius, Panchax parvus, Aplocheilus mela- 
sltgma, Barbus sophore and Barbus dorsalis All of these species breed in 
brackish-water 

Breeding Habits 

Many species inhabiting the Adyar backwaters are capable of breeding 
all through the vear, but a period of intense reproductive activity is seen 
in many of the inhabitants This is determined by the extent to which the 
environmental conditions are suitable for the breeding of any particular 
animal Thus most fish cannot breed when the backwater and the liver 
are partially dried up, nor can the Gastropods with their densely packed 
gelatinous egg masses breed under flooded conditions Ripe sex cells or 
embryos have been observed in the following animals during all months 
of the year — 

Peloceetes exul 
Phytoccetes gangeheus 
Phytocceteopsts ramunnn 
Stephensonactis ornala 
Marphysa gravelyt 
Lycastis tndtea 
Lumbrtcottereis sp 
Diopatra vartabilts 
Mesopodopsts orientals 
Grandidierella megna 
Grandtdterella gtlest 
Pararalhope fluviatihs. 

CUbananus padavensts 
Cltbananus olivaceous. 

Pot-amides ctngulalus 
Stenolhyra blanfordtana 
Amntcola stenothyroides. 

Stiliger gopalax. 

Meretnx casta. 

Cymothoa tndtea. 

Ctrolana sp. 

Aplocheilus melasltgma. 
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Panchax parvus. 

Etroplus maculaius 
Etroplus suratensis 
Acentrogobius netllt 
Acentrogobius vmdipmctatus 

The groups of animals that show great intensity in reproductive acti¬ 
vity during particular seasons are the crabs. Molluscs and the fishes 
Among the Brachyura, only the Grapsoid and Ocypod crabs breed in the 
brackish-waters of Madras Ovigcrous females belonging to different 
sjiecies have been collected from December to March The Pagurids are 
perennial spawners Among the Candea, ovigerous females of Peruhmtnes 
tndtea have been obtained only from April to Julv Very \oung ones of 
Alpheus malabancus arc very common in the backwater during January 
and February, and this species also appears to breed under brackish-wuler 
conditions Penaus tndteus and P cartnalus do not attain sexual maturity 
m the backwater , but their young ones are noticed m fairly large numbers 
during the months when the bar is open (compare plankton records) * In 
contrast with this is another Peiueid, Penceupsts monoceros, which appears 
to breed in the brackish-water as judged by the fact that numerous young 
specimens 15 to 20 mm long are obtained m tow-net collections taken in 
September and October, about six months after the bar is closed 

Most of the fish show an intense reproductive activity so on after the 
monsoon in Novembei Large numbers of young ones of Acentrogobius 
ne,Hi, A vindipunctatns, Gobius sps and Mugtl sps have been obtained 
in tow-nets during November and December Along with them arc found 
larval and post-larval stages of Clupeid fish which are brought into the 
backwater from the sea Young ones of Aplochetlus melastigma are obtained 
during almost all the months of the year, csjiccially a day or two after any 
shower Rains have a remarkable influence over the breeding in most 
fishes Species like Acentrogobius netllt, A vindipunclatus, Etroplus macu¬ 
laius, E suratensis, Panchax parvus, Aplochetlus melastigma, etc , spawn 
intensively even during the summer months if there be occasional heavy 
nuns 

The optimum season for breeding of Molluscs is the summer During 
the months March, April, May, June and Julv, the egg cases of many 
Gastropods are common in the backwater I,arge numbers of young ones 
of Potamtdes cxngulatus and Merctrtx casta are noticed in July and August. 
Stenothyra blanfordiana, Amntcola stenothyroides and Stihger gopalax exhibit 

* For habiti of bracki«h-water prawns, wit panikktr, 1937 b. 
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enormous powers of reproduction , though they breed all through the year, 
tliev have periodical phases of intensive propagation determined by the 
monsoon, salinity and other environmental conditions 

The subject of breeding m the common brackish-water species of 
Madras is dealt with in detail m another study by ns t The summary of 
our observations is given below — 

1 Breeding of animals of the brackish-waters of Madras is not parti¬ 
cularly confined to any definite part of the year , actively reproducing 
species arc met with duimg all seasons 

2 The following tyjies of breeding are noted — 

[а) Continuous breeding throughout the year occurring more or less 

uniformly and irrespective of seasons 

(б) Continuous breeding with a marked season of higher activity during 

one )>art of the year than the remainder 

(c) Breeding season confined to some definite part of the year 

(tf) Discontinuous breeding occurring all through the year, spawning 
often taking place irregulailv, mostlv determined by the rams 
Discussion 

General Considerations —The interesting feature of the fauna of the 
brackish-water is the intimate association of animals of the sea, backwater 
and freshwater for life in a common habitat The animals of marine origin 
constitute the largest number of species as most of them are either present 
in the sea or are represented there by closely related sjiecies The number 
of marine annuals that have invaded the brackish-water is greater in the 
tropics than in temperate regions Annandale (1922) mentions that the 
aquatic fauna of Europe is casih divisible into the freshwater and marine 
faunas , and that with the exception of PalaotnoneUs vanans in brackish- 
water in North Europe, and My sis reUcta and a few other species of estu¬ 
arine Molluscs in different parts of Europe, the separation of marine and 
freshwater faunas is a constant feature Recent studies of the brackish- 
water fauna of Eurojie have shown, however, that this statement of 
Annandale is not altogether correct The contributions of Redeke (1933) on 
the fauna of the Zuider Sea, of Remane (1934) on the Baltic Sea, of Sick 
(1933) on the brackish ditches of North Germany, and of Brandt, Wundsch 
(1933), bundbeck (1932), Sergestale (1934) and others on the different 
brackish tracts of Europe have shown that a fairly large number of character¬ 
istic marine and eurylrahne species exist in Europe inhabiting waters of low 

t “ Observations on Breeding in Braklsh-water Animals of Madras” By N. Kesava 
Panikkar and R Gopala Aiyar (Unpublished). 



The Brackish-Wafer Fauna of Madras 317 

salinity The conditions in England arc also more or less similar as shown 
by the studies of Allen and Todd (1900 and 1902), Pt-renal (1929), Stammer 
(1928), Ellis (1932), Robson (1925) and Fraser (1932) on the estuarine fauna, 
of Nicol (1936) on the fauna of the brackish lochs of Scotland, and of 
I^ambert (1930) and Nicol (1935) on the animal life of the salt marshes 
adjoining sea coasts or estuaries It is clear from all thc-e papers that 
a more or less distinct brackish-water fauna is present in the temperate 
regions as well It must, however, be admitted that as compared to the 
tropics, the brackish-water species are fewer in numbers and less in variety 
in the land-locked seas, estuaries, backwaters and salt marshes of the 
temperate regions As pointed out bv several observers, the pcnetiation of 
a large number of marine animals into waters ot low salinities is a character¬ 
istic feature of the tropics, and the numbers of sjicck s inhabiting brackish- 
watcr are so many and representative of almost all the major marine 
invertebrate phyla except the Eehinoclermata An interesting fact regarding 
the tropical braekish-wateT fauna is the occurrence of numerous adaptations 
in the mode of hfe of animats of marine origin, which serve to facilitate 
their hfe in these jieculiar environs 

Acclimatisation of Marine Animals to Fresh and Brackish-Wains —It is 
almost universally accepted that the present frcshwatei fauna lias been 
derived to a large extent from ancient marine animals Many of them have 
penetrated mto freshwater through media of progressively decreasing salin¬ 
ity as found at the meeting places of large volumes of freshwater and sea 
water like the openings of big rivers or backwaters Most of the modern 
brackish-water organisms are forms that migrated from the sea into the 
brackish-water at a very recent geological ei>och , often, we find along with 
them, numerous marine species capable of surviving m the brackish-water, 
We find in every tropical backwater, tidal creek, or estuary, an active and 
aggressive attempt on the part of many marine species to secure a permanent 
foot-hold cither m the semi-aquatic mud-flats and mangrove swamps or in 
the salt marshes with peculiar environmental conditions of fluctuating 
salinity, temperature and hydrogen-ion concentration Many explanations 
have been suggested to explain this peculiar phenomenon of the tropics , 
but as pointed out by Annandale (1922) the factors contributing to this 
must necessarily be varied, and it is perhaps necessary to study the known 
instances individually before any definite view is taken The conditions 
necessary for the successful colonisation of the brackish-water are many 
and may now be considered 

Sollas (1883 and 1905) in his classical discussion on the origin of fresh¬ 
water faunas, emphasized the current strength of nvers as the chief obstacle 
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to the progress of marine animals into freshwater He pointed out that an 
animal must either be fixed or strong enough to withstand the current of 
streams if it should establish itself in fresh-water This must be true of the 
larvae as well as the adults, the epiplanktome ciliated larvae of marine 
Invertebrates being extremely unsuitable for life in a flowing stream 
Hence, only those animals as have got rid of the free-swimming larval 
stages, by an abbreviation of the life-history, were successful in establishing 
m the freshwater The absence of free eggs and larvae from the freshwater 
plankton is explained by this theory, nml the larger sizes of eggs of fresh¬ 
water animals as compared with their marine relatives is also explained as an 
attempt at further acquisition of yolk to cope with the curtailment of life- 
history While explaining some of the important differences between fresh¬ 
water and marine annual life, this theory docs not explain the difference 
between the temperate and tropnal conditions This was attempted much 
earlier by von Martens (1858) who emphasized that the freshwater environ¬ 
ment with its alternative liability to periods of freezing and desiccation, is 
more severe than that of the sea The difference between the cold and hot 
seasons is very great in the cold countries, while a more even temperature 
conditions prevail m the tropics , hence acclimatisation was easier here than 
m the cold countries where extreme temperature conditions prevail In 
addition to these two explanations, Needham (1930) made the interesting 
suggestion that there is a third factor limiting the penetration of marine 
animals into freshwater, viz , that of the inorganic deficiency of the fresh- 
wuter from the point of view of the larval development of marine animals 
Based on the experiments of Pouchct and Chabry (1889), Herbst (1897), 
Rapkme (1927), Ranzi (1930) and his observations on the phosphate contents 
of developing eggs, he pointed out that the developing planktonic larvse of 
marine Invertebrates dtpend upon the inorganic contents of sea-water for 
certain items of nutriment Proper development and metamorphosis would 
be impossible without the supply of calcium, phosphates, etc , inorganic 
materials not available in freshwater Penetration into freshwater is possi¬ 
ble only for those marine animals that have so perfected their develop¬ 
ment as to be independent of the environment for their inorganic requirements 
The three theories summarised above overlooked another important 
aspect of the problem—the question of osmotic regulation of marine animals 
on which attention has been focussed in recent years by the work of Schleiper 
(1929, 1929 a, 1930and 1935), Dakin (1908, 1908 a, 1931 and 1935), Schwabe 
(1933), Adolph (1925, 1920 and 1930), and others The most important 
physiological difference between freshwater and marine organisms is that 
in the osmotic pressure relative to the external medium. The body fluids 
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of marine invertebrates have almo9t the same osmotic pressure as that of 
the sea-water in which those animals live (Schleipcr, 1930) , in many 
instances, this pressure is slightly higher than that of the surrounding 
medium as shown by recent investigations, (Dakin, 1935) These animals 
allow a free interchange of body fluids with the sea-water, and thanges m 
salinity of the external medium hence affect the osmotic concentration of 
the body fluids All freshwater and numerous brackish-water animals, as 
also the marine fishes, have developed a power of regulation of osmotic 
pressure that keel* their body fluids in a permanent state of hypcrtomuty 
irrespective of the low contentration of the medium that bathes the animal 
When the salt content of the environment is lowered, the higher osmotic 
pressure of the body fluids of marine invertebrates is not maintained owing 
to the passage of water into the interior and loss of salts by diffusion 
This would go on until a state of isotonicity is reached, a condition in which 
the animal may not survive unless a greater concentration of the body 
fluid is maintained by some regulating mechanism Thus the colonisation 
of brackish-water and freshwater is made possible only with the develop¬ 
ment of osmoregulatory powers as poikilosmotuitv would be fatal in livpo- 
tonic media 

Exact data are not yet available regarding the energy requirements 
for the maintenance of osmoregulatory lowers in aquatic animals In 
several cases, however, there is a relationship between the salt content of 
the external medium and the oxygen consumption As shown by Schleiper 
(1931), Beadle (1931), Bowenstein (1935) and others, there is a rise in the 
amount of oxygen consumed when marine animals arc transferred to media 
of lower concentrations, the rise gradually goes on until it reaches a 
maximum anti then remains constant at a level above the normal The 
deleterious effects of oxygen tension combined with reduction m snlinitv 
of the environment have been clearly demonstrated by Schwabc (1933) 
for the crab Carctnus mcenas This increase in oxygen requirements has a 
great bearing on the problem of survival in the brackish-water Integu- 
mental regulation plajs an important rdle in the maintenance of the steady 
state Pantin (1931) has observed that the presence of calcium in the water 
is of considerable advantage to the estuarine Platyhelnunth Gunda ulv<s 
in overcoming the adverse effects of salinity fluctuations All these point 
to the conclusion that the factors involved in the entry of marine animals 
into brackish-water and freshwater are many and cannot easily be reduced 
to any single theory 

In the light of what has been said above, the relative advantage of the 
tropics for the inward migration of marine organisms may be explained a 
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being due to various reasons We consider that the temperature factor 
is of the greatest importance, for, in addition to the relative evenness as 
suggested bv von Martens, the differences between the air, freshwater and 
ocean temperatures are comparatively small in the tropics Not only was 
this advantageous in the successful colonisation of brackish and freshwater, 
but also m the assumption of amphibious and terrestrial modes of life by 
several littoral marine animals (cf Pearse, 1929 and 19J6) The greater 
rainfall of the tropics and the presence of large rivers bringing down an 
immense amount of fresh water into the sea, have considerably altered the 
coastal salinities of the tropus and this lias endowed the tropical marine 
animals with great jiovvers of adjustment as they are under the constant 
influence of salinity fluctuation* Sewell (1934) shows that this lowering of 
salinity at the head of the Bay of Bengal where the Ganges and Brahmaputra 
open, affects even up to a depth of about fifty fathoms The great change 
in the coastal salinrtv as a consequence of the monsoon in the coasts of Indo- 
Chma is also mentioned bv Pearse (1932 a) The effects of this prolonged 
acclimatisation of marine animals to frequent changes in salinity would be 
a gradual change in their physiology' from stcnohalinisin to euryhahmsm, 
and from pmkilosmoticitv to varying grades of homoiosmotic behaviour, 
depending upon the sjieues concerned and the exact conditions of the 
environment Onl> those species of marine invertebrates which have thus 
resjionded to the influence of the environment by a gradual assumption of 
indej>endence over the osmotic concentration of the environment have 
succeeded in colonising brackish-waters The inorganic materials washed 
down into the sea bv the intense rainfall and the numerous large rivers, 
support a rich Diatom flora which increases the food resources of the toasts 
and thereby attract numerous marine animals (Sewell, lfl.'ii) Prom the 
description of the area on which this study is based, it will be dial that the 
coastal salinity is not lowered to any appreciable extent, there being no 
large river in the vicimtv of the city of Madras, and the rainfall being 
comparatively poor The conditions here would seem to favour the tem¬ 
perature factor more than anything else, since the braikwh-water fauna 
is as representative and predominantly marine as that of the Gangetic 
Delta or of the Clulka Lake 

Intrgumcntal Adaptations—The changes attendant upon the migration 
of marine animals into brackish and fresh waters are many, but from the 
point of view of their morphology, the important among them are the 
integumental adaptation and the strengthening of the respiratory system 
by the development of accessory structures to cope with increased oxygen 
requirements Most brackish-water animals have well-developed 
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mucus secreting devices which effectively guard against sudden changes in 
sahnitv by preventing the passage inor out of water for a certain period 
Paul Bert (1871 and 1885) made the interesting discovery that eels, which 
were carelessly handled so that the mucus was completely removed, were 
no longer able to withstand sudden changes from fresh-water to sea-water 
and vice versa (Dakin, 1935) This has been corroborated by the interesting 
senes of experiments of Duval (1925) The power of mucus secretion is 
widely prevalent amongst acjuatic animals , but it is especial!) well developed 
in euryhaline and brackish-water species Mucus-cells m the body-wall 
are remarkably developed in the brackish-water IIaUamp«n fids of Adjar, 
but they are comparatively lew and insignificant m a related marine species 
(Pamkkar, 1938, 1937 and 1937 c) The Polychaites, Lvcastv, tndtea, 
Dxopatra vartabtlis and certain others occurring hut have also got mucous 
glands on the body-wall which are remarkably developed, while there is 
not a single Gastropod of Adyar that is not capable of copious mucus 
secretion Many «pcues remain envelope! m mucus whenever environ¬ 
mental conditions arc adverse, similar to what Duerden (190C) observed in 
certain corals The prominence and wide-spread occurrence of such external 
secretory structures in brackish-water species, and the way they are brought 
into action when animals are transferred to media of varying salinities, 
would indicate that they are of great advantage to these animals In the 
case of sjrecies that are under the constant danger of being left exist'd 
for fairly long periods, the presence of mucus would also undoubtedly 
prevent desiccation 

Respiration —Several observers have shown that tire oxv gen content 
of shallow brackish-waters and salt marshes is low as the temjicrature is 
high in small volumes of water Unfortunately, we have not made studies 
on the oxygen content of the water, but having observed the high thermal 
limits to which the pools of brackish-water get heated up, and the occurrence 
of decaying matter in the river and backwater, there is reason to believe 
that the oxygen present m the water is low This raises another problem 
of survival of the brackish-water organisms The predominance of the 
amphibious element m the Adyar fauna was emphasized in an earlier 
section , it was shown that the species inhabiting the marginal zone or the 
actual water edge are many and varied, and larger in communities than 
those that inhabit the deep water and rely completely on acjuatic respira¬ 
tion The animals which have developed extensive means of aerial respira¬ 
tion are the crabs and fishes The proportion of oxvgen to the total volume 
is much higher in air than m water while the oxvgen content of the air 
is about 20%, water under normal conditions of temperature holds only 
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8 to 10 c c of oxygen pet litre Winterstem (1921) has indicated that ait 
is more favourable for oxygen absorption than water which, in turn, is better 
suited than air for carbon dioxide liberation (cf Carter, 1931) In 
general, the respiratory changes that we find in brackish-water animals 
arc caused by the growth of organs of aenal respiration, and not the increased 
development of gills for aquatic respiration According to Carter and 
Beadle (1931) the accessory respiratory organs usually develojied in fishes 
are chiefly organs of oxygen absorption, while the original gills discharge 
the function of carbon dioxide liberation The'e additional structures are 
internal in those animals since they still live in an aquatic medium, in 
shallow water or at the water edge The changes that have taken place 
in animals which became slowly adapted to respire in air are (1) the develop¬ 
ment of additional structures like arborescent folds, etc., (2) devices to 
maintain the dampness of the epithelium, and (3) devices to prevent evapo¬ 
ration of water from the respiratory surface Amongst the Adyar fishes, 
organs for aerial respiration are prisent in the form of vasculansed walls 
of gill chambers, gill septa, etc, in Periophthalmus kedreutn, P pearsei and 
Boleophlhalmtis boddartt In the last species, the body is covered bv 
numerous minute papiUse which have a respiratory function (Harms, 
1929) The Aniphipods of Adyar, though amphibious in habits, do not 
seem to hav e any special structural modification in their respiratory organs 
The Isopod Ltgia exotica, though depending completely on aenal respira¬ 
tion, is not found far away from the water edge The thinly cliitinizcd 
endopodites of pleopods in the aquatic Isopods function as lung in the case 
of terrestrial species (cf Verhoef, 1919) Bepler (1909) finds that they are 
provided with glands at tlieir bases, the secretion of which keeps them 
moist The air-breathing capacities of several Decapods are well known , 
among the crabs, we find a senes of adaptations intended for this purpose 
Structural adaptations are absent in Macrurous species, though some forms, 
like Penaopsts monoceros are capable of remaining outside water in a healthy 
condition for fairly long periods The Anomura of Adyar are all amphibious 
and respire partly in air The gills are normal in most Decapods except 
in completely terrestnal genera The Graspidte and the Ocypodidse, which 
are either amphibious or are completely terrestrial, show a common modi¬ 
fication directed to retaining water m the gill chamber (Carter, 1931). 
The abnormally developed hairs near the opening of the gill chamber in 
Sesarma, Cardisoma and Uca ( Gelasmus ) (Ortmann, 1901), the spongy 
structures on the walls of the gill chamber m Gecarcmus and Ocypoda 
(Winterstein, 1921), and the peculiar fold at the floor of the gill chamber 
in Uca (Jobert, 1876) are all disigned for this purpose Enlargement of 
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the gill chamber is seen in many brackish-water species like Guar emus 
(Caiman, 1911), Uca and Cardiosoma and an upper lung chamber and a 
lower gill chamber are distinct in Gecarcinus (Caiman, 1911 , Carter, 1931) 
Vasculansed epithelial folds that function as accessory organs are met with 
m the gill chambers of Gelastmus (Uca) (Jobert, 1876), Cardiosoma and 
Ocypoda (Zimmer, 1926-27) , and lastly, special ajiertures that assist the 
entrance of air are found in the chambers (usually the posterior part) of 
Ocypoda, many Catametopa, and Graspus (Muller, 1863 , Ortnannn, 1901) 
All these modifications have not much affected the gills proper, and as a 
rule, the gill chambers are provided with air m the case of air-breathing 
forms, and not water Carter (19J1) suggests that the need for adaptations 
designed to retain water in the gill chamber is probably caused by the 
necessitv to keep the vascular folds damp 

Exposure and Desiccation —We have fotuid from field observations 
as well as experiments with several species, that many of the brackish- 
water Invertebrates of Adyar can survive exposure to air for a longer 
period than they can remain In freshwater Exception should, however, 
be made of the species that have a wide range of regional distribution from 
the sea to almost freshwater This fact explains the predominance of the 
amphibious element in the fauna of the brackish-waters of the type 
described here In many terrestrial species life under water is impossible- 
even though these species may be found onlv in the damp aone just above 
the water edge Many of the amphibious forms like Clibanarius padavensts 
and Clibanarius olivaceous cannot thrive under water for long jieriods 
The result is that these species have to keep moving to and fro so as to 
remain at the water edge when changc-s in level take place by tidal action 
It would appear from numerous examples that in brackish-water animals, 
the tendency to become terrestrial is more marked than that to become 
freshwater inhabitants Our observations are in agreement with the 
suggestion made by Pearse (1929) that the number of animals which have 
reached the land from the littoral marine and from brackish-water is much 
higher than the number of species that have become fluviatile 

The brackish-water areas of the Indian coasts are subject to periodical 
desiccation in the summer, and the problem of survival during the period 
of drought is another important factor that the brackish-water animals 
have to cope with It is the amphibious and the attached animals which 
are affected by drought For the first group, which consists mostly of 
burrowers, it is difficult to leave tbeir original burrows and migrate down¬ 
wards , but this is actually done bv several crabs like Uca annultpes and 
Sesarma quadratum Species of Clibanarius, Ocypoda cordimana and Scylla 
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serruia exhibit what may be called migratory movements in response to 
seasonal changes During summer, these species are practically absent 
from the fringes of the backwater, but congregate in large numbers on the 
southern bank of the river Most of the attached forms like Cctnpanulana 
nohformts, Loomed ea 'pmulosa, Balanus amphitrite, Hydrotdes norvegica 
and Aiptastomorpha sp perish during the summer, but fresh individuals 
settle down ever} vear when the bar is open The periodic inactivity or 
activating habit of the two Grapsoid crabs Vanina Utitraia and Sesarma 
tclragonum has been described by Horn (1933) , of these, the former is 
extremely rare at Adynr during the summer, but S tetragonum which 
occurs in large numbers in the banks of the backwater and the Cooum, 
behaves m the <=ame manner as in the Gangetic Delta described by Hora 
We may add to this list another species, Sesama quadratum which also 
retires into the burrows during the summer and remains more or less inactive 
It niav also be mentioned here that none of the burrowing crabs has been 
observed to breed during the summer months The Gastropod Potamtdes 
ctngulatus is capable of surviving exposure to air and sunlight for long 
periods , and specimens have on several occasions been collected far away 
from the water in an inactive state but which become active again on 
removal to water The anemone Phyiocates gangeticus remains alive in 
the mud outside water for weeks together, the anemones do not perish so 
long as the mud remains a little moist (Panikkar, 1937) Many sedentary 
brackish-water organisms are known to have evolved peculiar methods of 
asexual reproduction, reminding one of the gemmule formation of the 
freshwater sponges, whereby the survival of the species is ensured , the 
well-known instances are H>droid Annulella gemmata (Ritchie, 1915), the 
sponge Laxosubentes lacustns (Annandale, 1915 a), and the Tolyzoan 
Loxosomatoides lavis (Annandale, 1913 b and 1922) None of these species 
has so far been observed here , and perhaps the only instance of active 
■ asexual reproduction is that of a sea anemone Boloceractis gopalat where 
there is a peculiar method of tentacular regeneration (Panikkar, 1937 a) 
This eannot, however, be considered as having any bearing on the habitat 
as similar features have been noticed also in a related marine genus 

Abbreviation of Life-History —The disadvantages of the free-swimming 
ciliated larvae in the brackish and fresli-waters have already been pointed out 
The changes in reproductive habits consequent upon marine animals 
taking to a brackish-water mode of life are interesting as they involve 
curtailment of life-history in several of the species, especially the inverte¬ 
brates This is very well illustrated by the life-histories of certain brackish- 
water Polycheetes Marphysa gravelyt (Aiyar, 1931) and Dtopatra vanabtlts 
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(Knshnan, 1936) have been studied in detail from Advar , in both the 
species an abbreviated development has been observed by the above authors 
In the first, the eggs are laid in large gelatinous egg eases anchored to the 
worm-burrows and harbouring thousands of eggs in various stages of develop¬ 
ment , the jelly serving the three-fold purpose of preventing the larvae 
from being washed into the sea, of protecting them from drought when they 
are exposed during low tide, and of catering nutriment to the large number 
of rapidly developing nectoehsets The richly yolk-laden gigantic eggs 
of Diopatra vanabtlts* metamorphose into the young worms even in the 
tube itself, without the intervention of a free s»limning larva The 

development of this species is characterised both by precocity and by 
increased provision of food yolk in the eggs as compared to the other sjiecies 
of the same genus, and the de\elopmental differences of very closely 
allied species could onlv be explained on the basis of the differences in 
environmental conditions Gigantic eggs are al«o found in Lumbnconercts 
sp , also a genus in which Fewkes (1883-85) observed an abbreviated develop¬ 
ment. The collection of eggs in gelatinous egg-masses is a feature common 
to most of the Gastrojiods noticed at Ady ar and to certain other species of 
Polvchmtes like Scoloplos sp Among the Gastropods there is no doubt a 
free-swimming stage m the life-history, but this phase is often extremely 
short Interesting details of an extremely short larval stage and rapid 
metamorphosis, have been observed by Rao m the Nudibraneh (Ascoglossa) 
Shltger g&palai f Most of the species of fish that bleed at Advar have 
demersal eggs , and though specimens of Clupeid and other groups of fish 
are comtnonlv caught in the brackish-water as the led of animals collected 
by us would show, none of them breed in the brackish-water J 

High Rate of Reproduction —Apart from the modifications in develop¬ 
ment and the asexual reproductive devices, there is another aspect which 
has not received the proper attention it deserves This is the high intensity 
of reproductive activity of manv of the species As in most tropical 
animals (cf Orton, 1920) many speuts found at Advar would appear to be 
able to breed all through tlic year, though a well-marked season for breeding 
is noticeable in many of them in as much as a high rate of reproduction is 
noticeable during this jieriod As pointed out before, this season is deter¬ 
mined by the optimum environmental conditions for anv particular secies 

* Fauvel (1931) considers the species as being synonymous with Dio fair a neafohlana 

t " Habits, Structure and Early Development of a New Species of Stthger," bv K V 
Rao (1937), unpublished 

J BngrauUi furava ia a possible exception, vutt Raj, 1916. 
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The high rate of sexual propagation accounts for the high intensity of 
population of annual communities in certain biotopes The animal commu¬ 
nities also often prove the correctness of thienemann's rule Most of the 
species attain sexual maturity at a very small size , well-developed sex-cells 
are observed in very small individuals of Potamtdes ctngulatus, Sesarma 
quadratum, Acentrogobtus ntillt, Cltbanartus olivaceous, Metasesarma rousse- 
axu and Mcretnx casta Rao {op at) finds that in Sttltger gopalax, sexual 
maturity is attained within a very short time after metamorphosis and 
several generations of these Gastropods are produced with singular rapidity, 
In the Anemone Phytocoeles gangeticus where the early development up to 
the Edwardsia stage is rapid, the post-Jvdwardsia stages are rather prolonged 
and the gonads develop even in the larval Edwardsia stages with the incom¬ 
plete quota of mesenteries This instance of probable neoteny is further 
confirmed by the presence of blastula-like stages in the ccelenteron of post- 
larval individuals It is probable that the brackish-water habitat may, in 
some measure, be responsible for this capacity for juvenile reproduction 
(Panikkar, 1937) Almost every species of invertebrate from Adyar investi¬ 
gated so far, has shown a definite tendency towards early sexual maturity 
and rapid development, and other reproductive changes like the assump¬ 
tion of hermaphroditism have been observed in the Polyeheete Lycastts tndtea 
(Aiyar, 1935) 

Classification of Fauntsttc Elements —A convenient basis of classification 
of animals living in an environment of variable features as the brackish- 
water is necessary to estimate the exact ecological characters of the different 
species Based on the chlorine content of the water, Rcdeke (1922 and 
1931) suggested a division of the brackish-water species into ohgohahne, 
tnesohaline and polyhaline groups , the first representing the least saline 
region (salinity 0 2 1 9 per cent, Cl, 0 1-1*0 gm per litre) adjoining the 
freshwater , the second mesohaline region forming the middle zone (salinity 
1 9-18 6 jier cent , Cl, 1 0 -10 0 gm per litre) , and the last polyhaline 
region merging into the sea-water (salinity 18 6-31 8 per cent , Cl, 10 0- 
17 0 gm per litre) He jiointcd out that these differences in the chlorine 
content correspond exactly to the differences in the fauna, irrespective of 
the type of brackish-water investigated However much this classification 
may be satisfactory when applied to large volumes of brackish-water like 
the Baltic Sea, the Black Sea, the Chilka I,ake, etc , this division ceases to 
have any value for small bodies of w*ater as suggested by Redeke himself, 
and as conclusively shown by Nicol (1935) for salt marsh pools At Adyar, 
the grouping of animals according to Redeke's method is not at all applica¬ 
ble since every sudden outbreak of rain m the locality would, especially 
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when the bar i3 closed, result m quick changes from polyhaline to pligohahnc 
or almost lacustrine conditions, and the most interesting feature of the 
fauna is the singular capacity of several species to thrive in environments 
liable to profound changes in salinity and temperature Man> of the burrow¬ 
ing invertebrates adjust to salinity changes by vertical migrations (cf 
Pamkkar, 1936) So far as our observations go, we have not found strict 
demarcation of animal communities exclusively on salinity basis At Adyar, 
the distribution of species is controlled by a multiplicity of factors as the 
substratum, depth, current of water, vegetation, etc 

Fauna of Adyar and of other Fegtons Compared —Comparing the fauna 
of the brackish-waters of Madras with that of the Gangetic Delta and the 
Chilka Lake, it is clear that though the area is small and without the facili¬ 
ties for admixture of salt and freshwaters on a large scale, the fauna is as 
representative and almost as rich as in the two other places, especially in 
regard to true brackish-water species The main difference lies in the fact 
that in the Chilka Lake and the Gangetic Delta, there art manv species 
from the sea, which at Madras arc exilusivc.lv inaunt in habits and are not 
found in the brackish-water The species of Philyra, Pleurobrachta bengalen- 
sts, Mcmbrantpora sp, Akyotndium myhh, Thalassenia sp , Squtlla senrpto, 
Sqmlla mterrupta and Lucifer hansent, to mintion but a few examples, have 
not so fat been observed at Advar, though they are common m the Madras 
Coast, and in the brackish-waters of the Chilka Lake and the Gangetic 
Delta The reason for this is that owing to the absence of a jitojicr grada¬ 
tion of salinities, the small sir* of the area involved, and the pollution of 
water as the backwater is situated m the city, only the more resistant of 
the euryhaline species seem to have secured a foot-hold in the Madras 
brackish-waters Also, we do not find here a relict fauna as found in the 
Gangetic Delta represented by recent marine forms that no longer occur m 
stenohalme or euryhaline conditions, but only in fresh or slightly brackish- 
water The general features of the fauna described here are in agreement 
with those of the fauna of the Gangetic Delta and the Chilka Lake, but 
the constituent elements of the fauna present distinctive features in the occur¬ 
rence of several characteristic species amongst the invertebrates, esjiecially the 
Anemones and the Polychsetes The proper evaluation of the fauna would, 
however, be possible only after exhaustive studies have been made of the 
fauna of the numerous other brackish-watcr tracts of India 

Summary 

The fauna of the brackish-waters of the city of Madras has been 
studied in detail with special reference to its relation with the habitat 
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The environmental conditions are described in detail About runet>-two 
speues of Invertebrates and fifty-six species of Vertebrates have been 
observed in the brackish-water The fauna is predominantly marine and 
includes representatives of all major marine Invertebrate phyla except the 
Kchinodermata The freshwater sjiecies include a few Crustaceans, Molluscs 
and fish The amphibious element in the fauna is well marked, and a 
number of mud-burrowing species are noted Vertical and regional distri¬ 
bution of the organisms is described and the groups into which they may 
be classified according to their habits are indicated An account of the 
breeding in bracki'li-water species is given The general problems concern¬ 
ing the biology of animal life in the brackish-waler are di c cus«ed in detail 
with special reference to the fauna dcscriKd 
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EXPLANATION OF FIGURES 

PlAT* XVIII. 

Photographs of the Adyar backwater and the river, taken during March 1935 The first 
is a portion of the backwater between the Adyar cemetery and the sand bank, showing 
the marginal and middle sones 11 k second photograph shows tlie Adyar river after 
the Elphmstone Bridge Much of the river-bed is exposed owing to drought 

PI.AT* XIX 

(1) Northern bank of the river above tlie Elphmstone Bridge 

(2) Inner reaches of the river showing pools of fresh or slightly hrackish-witer 

Plat* XX. 

(1) The river after Elphmstone Bridge to show the deep channel on the southern side 

(2) Part of the Adyar backwater near the small bridge close to the cemetery 
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Tl!\T-FlG 1 

Map of the Adyar river and backwater to illustrate the different regions surveyed In this 
study 


Imaginary aeetion through a mud-flat 
solution of animals, especially i 
following species — 

1 Pontodnlus bfrtnudfiisis 

I Ocxpoda corduiiana 

3 Ocvpoda macro* era 

4 Sesarma letragonum 

5 \ aruna htterala 

ft Metapla r dishncta 

7 I'ca annuhpeJ 

8 Zone of I yeast u indua 
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10 Phytoecetes yanqetu um 
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14 CUbananiis olivaceous 

15 Potanudis ruK/ulotus 

16 rh\toca teopsis uwiunnu 

17 Pygnuronassa on mentis 

18 Chbananus padaicnus 

19 St ylla term I a 

20 btephcnsnuaitis omnia 

21 Pi locerU r erul 

22 Mi n In r msla 

23 A'i plan us pelagian 

24 Aiplinnis sanifuiHoUnius 
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Thk present communication is the third 1 ' 2 of the serus, ‘ The Myxophyeese 
of the United Provinces, India ’ It deals with alga; (hitherto unrecorded 
with the exception of Anabana ambtguu Rao) collected maudy from Benares 
and its environs from 1934 onwards A few forms collected from Chukia, 
Chunar, Saranath, Ramnagar and Mussoorie have also been included In all 
there are one hundred and five forms, representing twenty-five genera, and 
out of these, two species, sixteen varieties and twenty-seven fonns arc new 
The habitat of these plants is varied , tliiitj-five have licen collected on 
soil, seven from moist bricks, stones and rocks, eleven on walls and other 
elevated places, four on the bark of trees, five from the stagnant water of 
crop-fields and the rest from tanks, ponds, puddles and other aquatic 
situations 

The major part of the Benares Myxophyce.e are sub-aerial in habitat 
After the rams, one comes across very frequently on semi-clayey soil, 
during July and August, a very thick, semi-transparent and ash-brown 

mucilaginous scum extending over large areas and making the ground slimy 
This is mostly comprised of Aphanothece pallida It may lie inteuningled 
with Chroococcus montanus forma and var hyahna, Aphanocapsa Grevtlhi, 
Mtcrocoleus chlhonoplastes and others On clayey soil, however, the stratum 
formed is deep blue-green and slimy, but closely adhering to the surface 
This is commonly comprised of Glctocapsa slcgophila var crassa, Cyltndro- 
spermum musctcola. Mtcrocoleus chlhonoplastes and M sociatus During July 
and August, Cyhndrospamum mttsctcola is noticed very frequently to fofih 
by itself blue-green strata on moist soil, and as its spores ripen the strata 
turn blackish-brown. In the month of September, conspicuous blue-green 
erect tufts of a form of Symphca muralis appear on shady soil Frequently 

* From the Department of Botany, Bcnare* Hindu University. 

* Bhlradwlja, Yajnavalleys, "TV Myxophyce* of the United Province*, India—I,” 
Proc, I»d. Acad . Scu, 1935, 2, No 1, Sec. B. 

* Bhaihyakarla Rao, C, "The Myxophyceaof the United Province*, India—II," Proc. 
Ini. Acad. Sci., 1936, 3. No. 2, Sec. B. 
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dunng August and September, circular, woolly, slimy and brown patches 
are seen scattered on the surface of lawns These expand and finally 
coalesce to produce a brownish green stratum which for the most part consists 
of Mtcrochate tenera, Scylonma javantcum, with which, however, Mtcro- 
coleus chlhonoplastcs and a form of Anabccna vanabtlts may be intermingled 
Osctllalorui tercbnformis is the most common species of Osctllalorta in 
Benares and it occurs not only on all exposed muddy places, but also in 
stagnant ponds, puddles and dirty drains Osctllalorta fortnosa is another 
form commonly met with in Benares, especially during rains, forming a 
a crimson-green layer on the soil of shallow puddles and ditches Among 
the other common blue-green algte, occurring on moist soil, mention may be 
made of Oscillatona sunt la, Phnrmtdium Retzn and Iyngbya ccylantca On 
places which are constantly wet, because of their being near drains or other 
water sources, Phormdttm sublruncaltm is very common This alga lias 
also been found growing in very delicate bluc-grccn films spread on the sides 
of the aspirator bottles kept out of use in the Laboratory Scylonema 
ocellalum, Lyngbyt truntcola, L tesluartt var arbusltva and L arboncola are 
seen after rams in the form of expanded bluish-green woolly lasers on the 
bark of Mangtfera tndtea, Eujenta Jambolana, Cassia lattfolta and ratnaundus 
tttdtca As the season becomes drier, the strata formed by these algfe 
become thin and papery, and may nltnnatelv peel oil the trunk of the tree 
In Benares, there is a comparative paucity of the real aquatic forms 
Tins is due to the fact that there are no large and permanent sheets of 
stagnant water The characteristic aquatic habitats of these alga; aic a large 
number of pools, puddles and ditches formed by the stagnant rain-water in 
low-lying areas cither in waste-places or amidst crop-fields or on the sides 
of the River Ganges, which flows bj the side of the town Some of the 
common planktonic forms are Microcystis flos-aqua, Chroococcus turg-dus, 
C tnmutus, Mmsmopedta tenmssima and Sptrultna platensis var crassa 
Osctllalorta prtneeps is rather frequent near the edges of pools, puddles and 
ditches as black masses of densely crowded hair-like filaments Species of 
Anabccna, such as A aphtmtzomenotdcs var elltpsospora, A Ivengan var 
tenws, and A untspora var crassa, occur in a large number of rain-water 
pools They are sterile during Jqlv and August, but form spores in 
September and October Glceotnchui nalans occurs as large blue-green 
globules attached to aquatic angiosperms Glceolrtchia tnlermedta var 
kanweenst is abundant in several rain-water pools, either in a free state or 
adhering to Chara, and other aquatic plants Aulostra Jcrtihsstma var 
Unuts and Phormidtum mucosum var aroense are found in abundance during 
rains in stagnant water of crop-fields Lyngbya confervotdes grows in thick 
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fibrous and deep blue-green masses m the shade oi closely spreading leaves 
of Nelumbtum in the ornamental water reservoirs 

The Benares Myxophycccc grow luxuriantly during the rainy months of 
July, August and September and to some extent in October and November 
But they are quite scarce during May and June, when it is verv hot and 
drv Some of the forms available during these hot months are Microcystis 
flos-aqua, Mertsmopedta lenmssima and Spirultna major, oct lining in tanks 
with constant water supply, andaho OsaUaluna krcbnformu, and Photmxdtum 
subtruncatum inhabiting places near water 

Systematic Enumeration oi the Sfechs Obsirved 
I Chroococcalls 
Chroococcacea 

Octms Murocyslts kutzing 

1 Microcystis eeruginosa Khtzing Outki, in R.dieiihorst's Ktypto- 
c amen flora von liuropa, Band XIV, C\atinph>ce«e, 193<l 32, p 136, 
Eig 59 d, Fremy " Cos Msxophycces de Madagascar, ” Ann ales de Cryplo- 
ganne exottque, t in, fuse IV, 1930, PI IV, Fig 5, Crow, "The taxonomy 
and variation of the genus Miaocyshs in Ceylon," Neu> Phytologisl, 1923, 
Vol 22, No 2, Pi I, Fig a, Tilderi, Minnesota Alga, Vol t, 1910, PI II, 
Figs 21 and 22 

Var elongata var nov (Fig 1, .1-C) 

Colonies spherical or elongated, solid or broken through to form a net, 
broken parts of the colony looking like filaments, shculh indistinct, stained 
\mlet with methylene blue, cells pule blue-green, more or less spherical, 
with gas-vacuoles 

I,at cell ,2-2 8 n 

Habitat —In an ornamental water reservoir of a pnvate garden, along 
with Oscillatona Anna, Lynghya hmneltca and Ordogomum sp 

The form agrees with the type In having spherical or elongated colonies, 
which are solid or broken through with an indistinct sheatli, and spherical 
cells with gas-vacuoles, but differs in the cells being smaller and the broken 
portions of the colonies looking like filaments 

Genus Aphanocapsa Nacgeh 

2 Aphanocapsa Koordcrsi Strain Geitler, op ctl, 1930-32, p 155, 
Fig 68 

Colonies without definite shape Cells laxly crowded , circular to sub- 
globose with pale blue-gri‘en homogeneous contents 
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Lat cell ,2 2-3 2/* , 

Habitat:—In the fountain tank, Women’s Hostel, Benares Hindu 
University, along with Syneehocystxs aquaUhs and Oedogonxum sp (Miss P. R 
Parukutty Amtna) 

3 Aphattocapsa GrtmlUi (Hass) Rabenh Geitler, up. ext, 1930-32, 
p 158, Pig 71, Frfemy, "Bes Myxophyc4es de l’Afnque equatonale frangaise,” 
Arch d Dot , m (1929), Mem 2, 1930, p 23, Fig 25, Tilden, op ext , 
1910, PI II, Fig 7 , West, Alga. I, 1916, p 3, Fig 2, A 

Lat cell ,3-2-4 8/* 

Habitat —On the sides of the steps of a tank along with other alga- 

The plant-mass occurs os small yellowish patches distributed irregularly 

4 Aphanocapsa pule hr a (Kilt*) Rabenh Geitler, op ett , 1930-32, 

p 156, Fig 69 g. Fr6my, op ext, 1930, p 23, Fig 22 



Flo 1. A~C— Uurocytlu mruauuue Kat*. r»r tlongalo rar. nor, 



T,at cell ,3 2-4 r>(i 

Habitat —Planktonic in a tank, Cantonment area 
Genus Aphanotheu Nagcli 

6 Aphanothece bullosa (Menegh ) Rabcnh FtGniv. op ext , 1930, p 33, 
Fir 33 

I<at cell , 4-9-5-4^ , long cell , fl <5-13 2 n 

Habitat —Free-floatmg in a rain-watei pool along with lyngbya spxrahs 
Geitler 

The stratum is a deep blue-green fragile mass 
Genus Glaocapsa Ktitiing 

6 Glaocapsa punctata mi Frfcmy, "T^sMyxophyeks de Madaga«car,” 
Attttdles de Cryptogamte exottque, t in, fasc IV, 1930, PI V, Fig 19, 
Geitler, of, ext , 1930-32, p. 189 
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Lat ct11 , 1 6-3 fi , long cell ,32ft, lat cell cum vag , 3 H/i, 
long cell ctnn vag , 4-2-6 ft 

Habitat —In a cemented watcr-r(servoir of a private garden, along 
with Nosloc sponguefoi me var limits, lolypothnx lanata forma, T distorla 
var samoinsis and Oedogoniwn sp 

7 Glaocapsa stegophila (Itzigs) Raberdi Geitlcr, op at, 19.10-32, 
]) 197, Fig 91 6. Tllden, op cit , 1910, PI I, I'lg 24 

Var crassa var nov (Fig 1, D) 

Tli.illns soft, yellowish-brown , cells spherical, sub-splicncal or elongated, 
conimonlv single or in colonies of 2 1, shealli golden yellow, sometimes 
striated 

I,it cell, 4 6 4 /a, long cell, 6 1-9 6/c, lat colon ciun vag, 
8 ir>/i, long colon enm vag 9 4.-10 2/*, crass vag, upto 3*2 ft 

Habit it —On moist soil, singly or along with Microcoleus chthono- 
plastes, M sot talus, Cylindrospenitum musacola and others 

The variety differs from the tvpe in having bigger cells and colonies 

Genus Chroococcus Naegch 

8 ( hroncoctus turgidus (Rut? ) Nhg Geitlcr, o/> at , 1930-32, p 228, 
Fig 109 ft , Fren n, op cit, 1930, p 41. Fig 40, Tllden, op at, 1910, 
PI I, Fig 1, West, op at, 1916, p 41, Fig 25 6 

T/it. till, 11 5 16 5ft., long cell, 10 5ft, lat cell cum vag, 
11-19 2 n , long cell cum \ag 19 5/t, lat colon cum vag, 10 5-21 2 ft, 
long colon cum tag , 21 4-23 1 ft 

Habitat —Planktonic in the tank of the Benares Electric Light and 
Power Supply Co, Ltd, along with Chroococcus minulus, Mensmopedia 
tenuissima and 'spirultna major 

The cells are y'cllo wish-green, mostly 2-4 in each colony 

9 Chroococcus minutus (Ktitz) Nag Geitlcr, op cit, 1930-32, p 234, 
Fig 113c, Friiniv, op ci/,1930, p 41, Fig 42 

Lat cell, 0-6 Gft; long cell, 3 3-6ft, lat cell cum vag, 6 0-10ft, 
long cell cum vag, 6 3-13/t, lat colon cum vag, 6 0-10 ft , long 
colon turn vag , 0 6-10 5 ft 

Habitat —Planktonic in the tank of the Benares Electric Light and 
Power Supply Co , Ltd , along with Chroococcus lurgtdus, Mensmopedia 
tenuissima and Sptruhna major 

Cells are mostly in colonics of two and rarely four. 
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JO Chroococcus minimus (Keissl) benini I^ramermann, Kryplo- 
gamcnflora d Mark Brandenburg, lii, Algen I, 1910, p 59, Geitler, op cit, 
1930-32, p 233 (I-'ig 1, h) 

L a t rell , 1 6-2 5(-3) p , Jong cell , 2-3 2 p, lat cell aim vag , 
3-4 5 p , long cell cum vag , 3 2-5 p , lat colon cum vag , 4 8- 6 4 p 
long colon cum vag ,4 8-8 4 (-9 0) p 

Habitat —In an ornamental tank of a private gaiden , on the sides 
of a cemented water reservoir, b> the side of the road leading to Allahabad 
The sheath in the form collected from the ornamental tank is some¬ 
times dissolved or very indistinct 

11 Chroococcus vartus A Braun Geitler, op ett , 1930-32, p 235, 
Fig 114 a 

bat cell , 2-4p , long cell , 2 5-4p, lat cell cum vag , 3 5p, long 
cell cum vag , 3 5-5p . lat colon cum vag , 4 2 8 4 p . long colon cum 
vag ,4 5-11 Op 

Habitat —On the cemented platform of the Phvsiail laboratory, 
College of .Science, Benares Hindu University 

12 (hroococciis montanus Hansg Geitler, op cit , 1930-32, p 230 
Forma (Fig 1, F) 

bat cell , 5 0 4 p , long cell, 4 8-8p, lat cell cum vag, 0 4-90 
( 12 8) p , long cell cum vag ,8-11 2p . lat colon cum vag , 8 8-10 p , 
long colon cum vag , 11 2-14 4p 

Habitat —On moist soil, along with Microcotcus chthonoplastcs and 
others 

The form differs from the tvpc in tlu sheath being hyaline 
Var hyalma vnr nov (Fig I,G) 

Stratum thick, mucilaginous and blue-green Cells sphcncnl or sub- 
spherical or elongated, single or 2-4 or occasionally upto 8 in spherical or 
ellipsoidal colonies Colonics separate Sheath thick, hyaline and lamellated 
bat celt, 4 8-7 5p, long cell, 8-10 6p, lat cell cum vag, 
J3 2-23 1 p , long cell cum vag . 13 2-30p . lat colon cum vag , 19 8-26 p , 
long colon cum vag , 19-30 p 

Habitat —On moist soil along with other alga: 

The variety agrees with the tvpe in the mucilaginous stratifin, the 
picsence of 2-4 or occasionally more cells in each colony, and the sheath 
enveloping the colonies being stratified, but it differs from the same in the 
stratum being blue-green and the colonics, which are on the average bigger, 
possessing a hyaline and thick sheath 
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13, Chroococcus palltdus Nag Geitler, op at, 1930-32, p 238, 
Fig 110 4, Frferay, op ctt , 1930, p 41. Fig 48 

Lat cell , 4 8-0 6 ft , long cell, 4 8-7/*, lat cell cum vng . 6-6-10/* , 
long cell cum vag , 6 6-11 0,*, lat colon cum vng , 8 4-10 5/*, long 
colon emu vag . 10 6-13 2 p 

Habitat —On wet soil along with C.yhndrospcrmum tnusctcoLi, Mtcro- 
coleus chthonoplastcs and others 

The cell-contents arc deep blne-grecn 

Genus Mfftsmopedta Meycn 

14 Mertsmopcdta minima G Beck Geitler, op ctt , 1930-32, p 203 , 
Bhashyakarla Rao, “The Mvxophjcta?of the Unit*«S Provinces, India—II," 
Proceedings of the Indian Academy of Sciences, 1936, Vol III, Sec B, p 166, 
Fig 1, B 

bat cell, o 2-0 4 /* 

Habitat —Planktonic in the fountain tank, College of Science, Benares 
Hindu University 

The form differs from the type m possessing smaller cells and colonies 
consisting of upto 320 cells 

16 Mertsmopcdta tcnuissma Lemm Geitler, o-p at, 1930-32, p 264, 
Fig 129 6, Frfemv, "I.cs Cyanophye^'s dcs Cfltcs d'Europe,” Mdmotres de la 
Sot liti National? des Sciences Natnrelles ei Mathtmatiques de Cherbourg, tome 
XU, 1934, IT I, Fig 1 , Geitler, in P.iseher’s Stlssuiasserflora Deutschlands, 
Ostcrreichs and der Sihitet' , Heft 12, Cy.iiiophyccce, 1925, p 107, Fig 123 a 

Lat cell, 1 6-2,4 

Habitat —Planktonic in the tank of the Benares Electric Light and 
Power Supply Co , Ltd , along with Chroococcus turgidus, C mtnutus and 
Sptruhna major. 

The colonics are generally of 16-48 cells 

Genus Synechocystts Sauvageau 

16 Synechocystn aquatilis Sauvageau Tildcn, op. ctt, 1910, PI I, 
Fig 10 (Fig 2, A) 

Lat cell , 5 6-6 5 /* 

Habitat —In the fountain tank. Women’s Hostel, Benares Hindu 
University, along with Aphanocapsa Koorderstt and Oedogontum sp (Miss P R 
Parukutty Amnia). in a temple tank, Benares City 
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Genus Dactylococcopstt Hansg 

17. Dactylococcopstt raphtdtotdes Hansg Oeitler, op cti, 1930-32, 
p 281, Fig 137, Print?, “ Sub-aenal Algae from South Africa,” Nortke 
Vidcnskabers selaskabs sknftcr, 1920, No 1, PI If, Pigs 328-36, Borge, 
Beitrage zur algenflora von Schwiden,” Arltiv for Botanxk, Band 18, No 10, 
PI I, Fig 1 

Forma. 

Bat cell ,1 6-2is, long cell, 20-38 (- 40 )is 

Habitat —In a pond on the University grounds, along with Calotkrtx 
marchtca var intermedia, Anabeena fcrithssxma sp nov , A Iyengari var 
tenuis, Osctllaiorta animat is, Lyngbya Dtgcuit torma and sterile filaments of 
Sptrogyra and Oedogomum 

The form differs from the type in the cells being longer and usually 
falciformcd It also differs from fomia falafonms Print? in having much 
longer cells 

II ClMtMOSlI-HONAJ.ES. 

ChantostphonacetB 

Genus Chttmostphon A Braun ct Grunow 

18 Ckcemosxphon sidenphtlus Starmat h Geitler, op cti, 1930-32, 
p 431, Fig 281 

Var glabra var nov (Fig 2, B) 

Sporangia distributed on the host either singly or in dense clusters, 
usually club-shaped, rarely cylindrical, bent or straight, pale blue-green with 
homogeneous contents Sheath thin, hyaline and smooth F.xospore one 

Lat sporang , 2-4-3 2 (- *)fs, long sporang , 4-14 4 p , lat sporang 
cum vag ,3 2-3 8 / 1 , long sporang ccm vag . 4 8-17 O/i 

Habitat —On Lyngbya gmctlxs in the reserve water tank of the Benares 
Water Works 

The variety agrees with the t>pc in the possession of club-shaped or 
cylindrical sporangia with one exospore and a foot formed by the envelop¬ 
ing sheath, but differs in the sporangia possessing much shorter range of 
dimensions and the sheath being always smooth, hyaline and without any 
calcareous impregnation 
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III Hormogone »i,es 

1 Stigoncmataceie 
Genii'* Hapalosiphon Naegeli 

19. Hapalosiphon Weimlschtt W ct G S West Gutler, op at. 
1930-32. p 530. Fig 328 a 

Forma (Fig 2, C awl D) 

Plant-mass dark greui, filaments closclv entangled Sheath thin, firm 
and hyaline Cells spherical, quadratic or longer than broad Branches 
short and narrower than the main axes Heterocysts rare, long-cylindrical 
Spores more or less spherical or longer than broad 

Main axis Bat cell, 3-7 5, rarely 9 ft , long cell, 4 5 15, Tarelv 
10 Branches hit cell, 3-6 fi. tlu. basal cell bung 7 5 ft, long cell , 

2 2-10 5/t Bat hot, 4 5 7 ft, long he* . 7 5-10ft, lat spor , fl-12/t, 
long sjxir . 5 2-12 5ft , crass vag ,02#t 

Habitat —Closely adhering to the moist bricks at thi edge of a rain¬ 
water pool 

The form differs from the type in the terrestrial habitat and in the 
filaments being closely entangled 

2 Rivulanacea 
Genus Calothnx Agardh 

20 Calothnx marchicn Bemiii Geitler, op ctl , 1930 32, p 007, 
Fig 382 a 

Var crassa var nov (Fig 2, h) 

Filaments in groups, irregularly bent and closely entangled Sheath 
thin, firm, yellowish or hyaline Tnchomes with constrictions at septa , 
with tajKMing ends but without any hair-like prolongation . end-eelt conical 
with a rounded apex, sometimes pointed Cells quadratic, as well as shorter 
or longer than broad Heterocysts single, basal, spherical or 'ub-spheric al 

Bat fil , 9 6-14 4 #i, long tricli, upto 450 fr, lat trich , 8 4-12 8 fi, 
long cell, 2-3 2 jc, at top 4 8fi, lat het . 8 2-12.5fi, long bet, uplo 
5/i 

Habitat —On the plinth of the College building, near the outlet of 
a drain, along with Calothnx linearis forma 

The variety agrees with the type in (1) the tapering triehomes without 
any hair-like prolongation, (2) the barrel-shaped cells, (3) the rounded or 
sometimes pointed end-cells and (4) the single spherical or sub-spherical 
basal heterocysts , bnt it differs in the broader, irregularly bent and closely 
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entangled filaments, arranged in groups, tn the much broader tnchomes and 
heterocysts, and in the yellow sheath 

Var i ntermdta var nov (Fig, 2, F and G) 

Filaments epiphytic on other alg®. placed singly or in groups of two 
or three, with slight attenuation, without the formation of a teiminal hou 
Sheatli thin, firm and hyaline Cells quadratic, as well as shorter or longer 
than broad, with constrictions at the joints, end-cell rounded Heterocysts 
single, basal and usually spherical 

Lat fil, 6-8/* , long tnch , upto 350/* , lat tnch , 5 8-7 8/* , long 
cell , 3• 2-8/* , lat het , 5 6-7-8/* 

Habitat —In a pond on tlic University grounds, along with Dactylo- 
coccopsn raphtdtotdes forma, Anabarna frrhhssma sp nov , A lyengan var 
tenuis, Osctllalnna antmalis, Lyngbya Digeuti forma and sterile filaments of 
Sptrngyra and Oedngonum 

This form comes close to Calothrtx atneha Frfenty (Kriituy, op ett , 
1930, p 203, Fig 23.3) which Geitler {op cit, p 625) considers to be identical 
with Calothrtx marchtca J>mmermaiin It resembles Calothnx marrhtca 
I,emm in the free filaments, the absence of a hair-like prolongation at the 
ends of the tnchomes, the constrictions at the joints, the thin and hyaline 
sheath, and in the single, sphencal or sub-spherical basal heterocysts But 
it differs from this form in the tnchomes )assessing only slight attenuation, 
m the rounded end-cell and m the bigger dimensions of all parts The 
dimensions of this fonn arc intermediate between those of the tyj>e and the 
var crassa 

21 Calothrtx hnearts Gardner Geitler, op cit, 1930-32, p 622, 
Fig 396 d 

Forma 

Uat fil , at base 10-12 /*, at top 4-5/* , long tnch , upto 450/* ; lat 
tnch, at base 0-6-9 5/t, at top 3-3-3/*, long cell, 2 6-5/*, lat het, 
fi 6-8 /* , long het , 5-7 /* 

Habitat —On the plinth of the College building, near the outlet of 
a drain, along with Calothrtx marchtca var crassa 

The form differs from the type in the tnchomes being broader at the 
base and the cells in the terminal portions of the trichomes being quadratic 
or shorter than broad 

22 Calothrtx brevtsstma G S West " Report on the Fresh-water Algse, 
including Phvtoplankton of the Third Tanganyika Expedition conducted by 
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J>r W. A Cunnington, 1904-1906," Journal of the Ltnncan Society Bot , 
1907, 38, p 180, PI 10, Fig 8 

Lat fil, 4 8-8-6/i, long fil, 40-85/x. lat trich. 3 8-4 5/x , long 
cell, 1 • 6-3 • 5 p ; lat het, 3 8-4 8/t, long liet, 4-4-5 p 

Habitat •—Fpiphytn on Hydrodictyon rettcukUum growing in a rain¬ 
water pool, along with Sptrogyra chunue forma 

Genus Glceolnchia Aganlli 

23 Glatutnchta Raciborsht Woloszynska Geitler, op cit , 1930-32, 
p 037, Fig 408 « and b , Geitler, op ctl , 1928, p 233, Fig 281 b 

Var kashiense var nov (Fig 3, A -K) 

Thallus forming large irrcgularlv-lobcd bhie-green masses 2-10 cm 
thick Filaments with a thick, stratified and hyaline sheath Trie homes 
with constrictions at joints, ending in a long hair Cells at the base of the 
trichoine barrel-shaped, much shorter than broad or almost as long as 
broad, higher up c\hndrical, in the hair long cvliiidntal Hcterocvsts 
single, spherical to ellijisoidal Spores long, ellipsoidal to cylindrical with 
a hyaline smooth outer wall 

J,at. trich , at base 8 4-10p, higher up 4 8-6 4 jx, at apex 2 4 /x, long, 
trich , 800-1,000 p , long cell , at base 2 4/x, later 3 3-10/x, in the hair 
upto 13 jx, at apex upto 36 p , lat het, 8-12 8 (- 13 2)/x : long liet , 
8 4-15 (- 16 0) n , lat spor , 11 5-16/x. average 13 2p , long spor , 42-66/x 

Habitat.—In a rain-water puddle amidst crop-fields 

The variety agrees with the tyi>e in all respects except that the 
former has much bigger thallus, broader tnchomes, hyaline sheath, bigger 
heterocysts, that may be ellipsoidal, and narrower spores of a wider rnngv. 
In length with a hyaline outer wall This form is also comparable to 
var Ltltenfeldiana (Wol) Geitler on account of the spherical or ellipsoidal 
heteroevsts and cylindrical spores with a colourless outer wall, but here also 
it differs in possessing bigger hetcrocysts and narrower spores 

3 Mtcrochietacea 
Genus MtcrochceU Thuret 

24 Microchate tenera Thuret Frfimy, op cit , 1930, p 281, Fig 248 , 
Tilden, op cit , 1910, Pi X, Fig. 11 

Lat fil, 6-7-lp, lat cell., 4-5jx, long, cell, 4-8-8 /x; lat. het., 
4 5-6-4 n , long, het, 6 4-10 jx 

Habitat -—On wet soil of the lawns, Benares Hindu University 
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Genus Aulostra Kirc liner 

25 Aulostra Fntschu BhftradwAja Bharadwaja, "Contributions to 
out knowledge of the Myxoplivcise of India,” Annals of Botany, 47, 185, 
1933, p 123-131, Bigs 3 and 4 

Lat ftl . 11-2-16 5 n, crass vag, upto 3/x, lat cell, 8 11 8 ft, 
long cell, 5-26/i, lat het , 112-13 2/1, long het , 118-40/1, lat 
spor , 10-13 2/i, long spor , 6 6 30/i 

Habitat —In a stagnant ram-water puddle, by the side of tlie B N W 
Railway line, about 2 miles off Benares Cantonment Station, along with 
Lyngbya confervoides , Oscxllaiona pnnoeps and several others 

26 Aulostra ferUlissma Ghose Gliose, " A systtcniatic and an c<olo- 
gical account of the blue-green nlg«e of Lahore and Simla,” Jour Linn Soc 
Bot , 46, 1923, Tuf 31, Big 9 

Var tenuis var nov (Big 3, F-I) 

Plant-mass fibrous and greusli blue Bilaments free more or less 
straight and closelv crowded together, with a thin, film and brown sheath, 
that may sometimes be en\elot>ed bv diffluent mucilage Trie home* slightlv 
tapering at the ends, rarely eonstricted at the stpta , end-cell with a rounded 
apex Cells cylindrical, somctim<« quadratic Heteroc\sts cylindrical, with 
rounded end-walls broader than the triehome and causing the filament to 
bulge Spores in long chains ellipsoidal to cylindrical, intercalated bv 
moribund cells 

Lat hi, 5 0 6 4/e, lat trull, 3 3-4 8/i, long cell, 3 3-19 8/i, 
lat het, 4-5-7/i, long het, 8 2- 19 8/1, lat spor, 4 8-8 8/1, long 
spor , 10 5-19 2 ft , crass \jg ,0 3-0 8/t 

Habitat —In tlic stagnant water of a paddy field 

The variety agrees with the type in having (1) cylindrical or quadratic 
celts, (2) cylindrical heterocysts, (3) elhjisoidal spores in chains and 
(4) moribund cells in between tlie spores , but it differs from it in the fibrous 
stratum, the much narrower tnchomes, tlie narrower hetcrocysts and the 
much smaller spores (that are also cylindrical) with a colourless outer wall 

4 ScyloiicmatiiceiC 
Genus Tolypothnx Kibitzing 

27 Tolypothnx nodosa Bhfiradwilja Bharadwaja, " The Taxonomy of 
Scylonema and Tolypothnx in< hiding some new records and new species 
from India and Ceylon," Revue Algalogigue, 1933, n 1-2, p 176, 
Big 7 c. 
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Bat fil, 6 4-8 ft , lat tricli., 4• d-6* 8 at apices 4 ft , long cell,, 
3-2-12 8 ft; lat het , 4 8-9-0 ft , long het , 6 4-16 8 ft, rarely upto 23 ft. 

Habitat —In rain-water pools 

28 Tolypothnx lanata Warttn Geitler, up ctl, 1930-32, p 717, 
Fig 459 d 

Bat fil , 8 2-11 2 n , lat trlch ,6 -8 2 ft, long, cell , (5-) C 4-10 4 ft , 
lat het , 0 6-8 2 ft , long het , 10 5-16 5 ft 

Habitat —In a cemented water reservoir In a private garden, along 
with Nosloc spongue/orme var tenuis, Tolypothnx dtslorla var samoinsts, 
Glceocupsa punctata and Oedngnntum sp 

The form differs from the type m having narrower trichomes and in 
the absence of heterocysts in chains 

29 Tolypothnx distorta Ktttz var. satnoensts Wolle Bhftradnftja, 
op ctl, 1933 p 176, Fig 76, Bh&radwftja, " False branching and 
Sheath-structure in Myxophycese, with special reference to the Scyto- 
nematacea?,” Archtv fUr Prottslenkunde, Band 81, Heft 2, 1933, Fig 3, E 
and Fig 4, G. 

Bat fil, 14-19 8 it, when old upto 22 ft , crass vag , 3 3-4 ft, when 
old and unhealthj upto 6 ft, lat tricli , 12 2-15 ft, when old narrowed down 
to 10 2ft, long cell, 3 2-12ft, lat het. 11 8-13 2ft, long het, 
10-23 ft 

Habitat —In a cemented water reservoir in a private garden, along 
with Nostoc spcmgi&fome var tenuis, Tolypothnx lanata forma, Glceocapsa 
punctata and Oedogowum sp 

30. Tolypothnx robusta Gardner Geitler, op ctl , 1930-32, p 715, 
Fig 457 6 

Forma 

I)iam fil , 13-17 ft, when old upto 20 gL , crass vag, 2 4 5ft, when old 
and unhealthy upto 6-6ft, diara trich , 9-12 ft, when old and unhealthy 
narrowed down to 6 6 ft, nt growing apices upto 15 ft; long cell, 10-12 ft; 
when old and unhealthy upto 30 ft, at growing apices upto 5 ft, Lat het , 
10-13-2 ft; long, het, 13-42 ft. 

Habitat •—Floating in a stagnant pond 

The form differs from the type in the presence of narrower filaments 
and trichomes and in the heteroevsts being frequently longer and found 
singly or in chains of 2 to 3. 
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31. Tolypothnx fragtlu (Gardner) Geitler Geitler, op cil, 1930-32, 

P 725, Fig 460 

Lat, fil, 5-5-7 ft, lat tneh , 4-9-6 ft, long cell, 3-B ft, lat het , 
0- 6-7 ft; long het, 4-10 ft 

Habitat.—On the white-washed wall of the temple at Kamva, Benares, 
along with Lyngbya trunxcola and others 

Genus Scytotiema Agardh 

32 Scytonema coacltle Mont Geitler, op cit , 1930-32, p 753, 
Fig 479 a-c 

Lat fil, 17-19-8ft, when old upto 23 ft, crass vng , 2-3 p, when 
old upto 4 8 ft, lat tnch , 10-15 ft. when old narrowed down to 7 /j , 
lat het, 13 * 2-15 /* , long het, 11 8-17 3 ft 

Habitat —Free-floating in a tank of a private garden 

33 Scytonema stupowm (Kfttz ) Born Fremv, op ext , 1930, p 305, 
Fig 200, Tilden, op nt, 1910, T1 XII, Figs U and 14 

Lat ftl , 19 8-23 ft, when old upto 26/t , crass vag , 2 4 Sp, when 
old and unhealthy upto Oft. lat tnch , 10-14ft, when old and unhealthy 
narrowed down to 8/* , long tell , 3 3-13 2/t , lat htt , 13 2-15 ft , 
long het, 11 8-19 ft 

HabitatOn clayey soil bv the side of the road leading to Saranath 

The sheath in this form is yellowish-brown and stratified 

34. Scytonema oceUatum Lyngbye Fr6m\, op cit, 1930, p 309, 
Fig 263 

Lat fil, 17-6-19 2ft, when old upto 20ft, crass vag, 2 4-3 2p, 
when old upto 5ft, lat tnch, 9 6-14-4ft, when old and unhealthy 
narrowed down to 8ft, long cell, 5-14 4ft, when old and unhealthy 
upto 19ft, lat het, 14-4-16/t, long het, 11 2-16ft 

Habitat —On moist soil in shade , on the bark of Tatnartndus 
xnixca and Mangifera mdu.a 

35. Scytonema javameum (Kfltz ) Born Frfmy, op at . 1930, p 310, 
Fig 264 , Chose, " On some Myxophycesr from Rangoon,” Journal of the 
Burma Research Soaily, Vol XV, Part III, 1926, PI VII, Fig 18. 

L»t fil, 13-2-16 • 6 ft, when old upto 18/t, crass vag, 0-9-1 8 ft, 
when old upto 3-5 ft, lat tnch, 11 8-13-2 ft, when old narrowed down 
to 8 ft ; long, cell , 2-11-8 ft , lat het, 11-8-13-2 pt, long het, 10-16 5 ft 

HabitatOn shaded soil at the edge of a rain-water pool 
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30 Scytonema guyanense (Mont) Born et Fifth Fr4my, op. at, 
1930, p 312, Fig. 265 

Lat fil , (13-2-) 15-16-5/1, when old upto 20/i , crass vag , 2-3/i, 
when old upto 4 /i, at apices thinned out to 1 /x , lat cell , 11-14 /i, when 
old narrowed down to 9/i , long cell , 4 8-19 8/i , lat. het , 10-14/i , 
long het , 13-20 /i 

Habitat —On moist rocks, among liverworts and mosses, Mussoorie 

37 Stytonema Hofmannt Ag Fr6my, op til, 1930, p 313, Fig 266, 
(ieitlcr, op cit , 1925, p 268, Fig 317 

Lat fil, 6 4-8/1, when old upto 10/i, crass vag, l-l• 5/i, when 
old upto 2 2/i, lat cell, 4 7-6 4/i, long cell, 4-8-9/1, lat het, 
6 4/1, long het. 9 6-12 /i 

Habitat — On the cemented compound wall of a private garden 

38 Scylonema mirabtle (I)illw) Bom Geitler, op at , 1930-32, 
pp 776 and 777, Fig 498 a-f, Frernv, op at, 1930, p 318, Fig 268, 
Bbdrndwftja, “The Taxonomy of Scytonema and Tolypolhrix including 
some new records and new species from India and Ceylon,’’ Revue 
Algalogtque, 1933, n 1-2, p 171, Fig 6, A 

Lat fil, 13-2-16 5/i, when old upto 19/i, crass vag,, 3 3-4/i, 
when old upto 6 6 /i and thinned out at apices to 1 2 /i , lat tnch , 
6 0-9 6/i, when old narrowed down to 4/i, long cell , 3-6 6 /i, lat het i 
6 6-8 n , long het , 6 6-10 /i 

Habitat —On the moist bricks of a wall in the shade of a tree ; on 
moist soil in a field 

39 Scytonema Bewstt Fntsch and Rich " Contributions to our know¬ 
ledge of the Fieshwater Alga: of Africa 4 Freshwater and Sub-aerial 
algoe from Natal," Irons Roy Soc S Africa, Vol XI, 1924, p 364, 
Fig 23 

Lat fil, 10-16 fi, when old upto 19/i, crass vag, in old healthy 
filaments upto 4 9 ft, in old unhealthv ones upto 7 ft , lat trich , 4 8-7 ft, 
in old unhealthy ones narrowed down to 3 2/*, at growing apices upto 
lO/i, long cell, 11 2-23/1, at apices 3 5-4-8 ft, lat. het, 6 6-10/i, 
long het , 6 6-16 5 /i 

Habitat —On the mud settled down on the rocks near the dam at 
Latif Shah, Benares State 

The stratification 6f the sheath m this form is mostly diverging 




358 


C. Bhashyakarla Rao 


5. Nostocace<t 

Genus Cyhndrospcrmum Kuetzing 

40 Cyhndrospcrmum musctcola Ktttz Frtoy, op ctt , 1030, p 377, 

Fig 313, Tilden, op cit , 1910, PI. X, Fig 6, Gbose, op ctt , 1926, 

PI VII, Fig 16 

Lat cell, 2'8-3/1, long cell, 2 8-5 p, lat het , 3-7-4 5 p ; long 
het , 4 5-6 (-7 5) ii, lat spor , 9-10 5p, long spor, 13 2-10 6 

(-21 4 )#£ 

Habitat —On moist soil, singly or along with MtcrocoUus chthono- 
plastcs, Chroococous palhdus and others 

Another form collected a few miles off Benares possesses heterocysts, 
which sometimes measure ns much as 10 5 p long 
Genus Nostoc Vaucher 

41 Nostoc paludosum KUtz Fr6my, op at , 1930, p 333, Fig 275 , 
Tilden, op cit , 1910, Pi 6, Fig 38 

Forma 

Lat cell, 3-4 p , long cell, 3 8-4 8p, lat het, 5 6-6 4 p , long 
het ,6 0-8/x , lat spor ,4 6-6 ip , long spor , 6 4-10 p 

Habitat —In the stagnant water of a crop-field along with Nostoc 
ptsetnale forma and others 

The form differs from the type in having bigger spores 

42 Nostoc Ltnckia (Roth) Born et Flah Fremy, op at , 1930, 
p 333, Fig 270, Tilden, op ctt , 1910, PI VII, Fig 1. West, Alga, 1916, 
Vol I, p 43, Fig 31, A-C 

Var arvensc var nov (Fig 4 , A) 

Plant-mass gelatinous, expanded, presenting an uneven surface, 
yellowish-brown to blue-green , filaments numerous, flexuous , tnchomes 
frequently enveloped by a lnmellated and yellowish-brown mucilaginous 
sheath that follows their contour, cells spherical or barrel-shaped, 
hcterocysts almost spherical, usually not enveloped by any mucilage, 
spores in long chains, more or less spherical with a brown outer wall 

Lat cell, 4-5 6p, long cell , 4 8-0 4p, lat het, 4 8-7 2 p, 
long het, 4 8-6-4 p, lat spor, 6-4-7 2p, long spor , 7-8 p 

Habitat —On water-logged soil m a crop-field 

The variety is comi>arable to the type on account of its possessing 
(1) flexuous tnchomes, (2) spherical or barrel-shaped cells, (3) almost 
spherical heterocysts and spores with a brown outer wall; but it differs 
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from the same in the broader tricliomes and hetcrocysts, and in commonly 
possessing a lamellated and brown mucilaginous sheath following tin. 
contour of the trichomcs 

43 Nos toe piscinaLe K(ltz Fretny, op ut . 1930, p 334, Fig 277 

Lat cell , 4-6p , lat het ,6 4-7 2ju. , lat spor , 6-IO,c 
Habitat —In the stagnant water of a crop-field along with Nostoc 
ptiludosum and others 

The form differs from the t>pe in the slighth bigger dimensions of 
all parts 

44, Noiloc spongier for me Ag Fremy, op cit 1930, p 338, Fig 
279 a and b , Tilden, op at, 1910, FI VII, Figs 4 and 5 
Var vanans var nov (Fig 4, D) 

Plant-mass thin, spreading, blnc-guen , tmhomes loosely entangled, 
sometimes individually enveloped bv yellowish-brown mucilage, tells 
barrel-shaped, end-cell conical with a rounded apex, hcterocysts barrel¬ 
shaped or cylindrical with rounded or flat end*, broader than the tricliomes , 
spores in long chains, cylindrical with rounded ends, sometimes ellipsoidal, 
rarely spherical, with a smooth hyaline onto wall 

Lat cell , 3-3 6 p . long cell > 2 ' 3 5 F . ldt het . f 8-6 1 |t, long 
het, 5 6-8p, lat spor, 4-4 8,*, long spor 4 8-10^ 

Habitat —On moist soil at the edge of a rain-water pool 
The variety resembles the tvpe iu the loosely entangled filaments, 
the barrel-shaped Cells, the barrel-shaped or cylindrical hcterocysts, and 
the chains of ellipsoidal spores , but it differs in having a thin, blue-green 
and spreading stratum without any firm mucilaginous envelope, narrower 
cells that are never cylindrical and smaller heterocysts and spores, the 
latter being cylindrical or sometimes spherical with a hyaline outer wall 
46 Nostoc elltpsosporiim Rabenh Fr4my, op cit , 1930, p 339, 
Fig 280, Tilden, op cit 1910. PI VII, Figs 9 and 10 
Var vtolacea var nov (Fig 4, C) 

Plant-mass gelatinous, irregularly expanded, dark-violet, filaments 
flexuous, loosely entangled, light-violet, cells almost quadratic or cylin¬ 
drical, with constrictions at the joints . heterocysts almost spherical or 
barrel-shaped or cylindrical, with rounded or flat ends , spores ellipsoidal 
almost spherical or cylindrical, with a hyaline smooth outer wall 

Lat cell, 3-2-3 5 p , long cell, 2 4-8 lat liet, 4-6 4 fi , long 
het, 4-8-8 n , lat spor, 4-8-6 4/w; long spor, 5 6-16 p. 
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Habitat:—On the sides of the steps of a village tank, above water- 
level. 

The variety agrees with the type in tht flexuous and laxly entangled 
filaments, in the cylindrical cells, in the spherical or cylindrical hetero- 
cysts, and in the long ellipsoidal or cylindrical spores with a hyaline 
smooth outer wall; but it differs in having a dark-violet stratum, narrower 
trichomes of light violet colour, comparatively shorter cells, smaller 
heterocysts, that are also barrel-shaped, and in the smaller dimensions of 
the spores possessing a hyaline outer wall 

Genus Anabana Bory 

46 Anabana ambtgua Rao Rao, " A new species of insbana 
(Anabana ambtgua sp nov)," Proc Ind Acad Set, IW, Vol V, No 3, 
Sec B, pp 102 and 103, Figs 1 and 2 

Long vag, 300-500 (-1,000)/*, crass vag, 10-50/*, long tnch , 
250-300/*; lat cell, 4-9-6-0/t, long cell, 3 3-5/t, lat het, 6 4-9 
(-10)/*, lat, spor, 8 4-10 9/*, long spor , 13 3-16 2/* 

Habitat 1 —Free-floating or attached to grass-blades and roots of 
Lemna and Trapa in some ponds near the B;nares Hindu University 

47 Anabana Iyengart Bliaradwftja BhAradwHja, “ The Myxo- 
phyceoe of the United Provinces, India—I,” Pro*. Ind 4iad Set , Vol 2, 
No 1, See B, 1935, Fig 6, H-K 

Var tenuis var nov (Fig 5, .4-C) 

Plant-mass floccose, thin, free-floating, pale bluc-grcen Trichomes 
single, straight or irregularly curved, cud-cells conical with rounded 
apices Cells barrel-shaped, as long as broad or slightly shorter or longer 
than broad Heterocysts more or less barrel-shaped, sometimes sub- 
spherical Spores ellipsoidal or cylindrical with rounded ends, single or 
m i>alrs on either side of a hetcrocyst, with a smooth hyaline outer wall 

I,at cell , 3 5- 4 5 /* , long cell , 3-6 4 /*, rarely 7 5/*, lat het , 
4 • 8-6 • 4 /* , long het, 5 2-9/*, lat spor, 7 5-9 6/*, rarely 10-5/*, 
long spor , 9-19-5/*, rarely 21 /* 

Habitat —In a pond on the University gronnds, along with Dactylo- 
coceopsis raphtdtoidts forma, Calothrw marchtca var intermedia, Anabana 
fertthssima sp nov , Osctllatarta antmalts, Lyngbya Digcuti and sterile 
filaments of Oedogontum and Sptrogyra 

The variety resembles the type in the barrel-shaped cells, conical 
end-cells with rounded apices, barrel-shaped hcterocysts and ellipsoidal 
spores, that are on either side of a heterocyst . but differs from the same 
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in having narrower tnchomes, smaller heterocysts and comparatively 
smaller spores (that are also cylindrical) with a hyaline outer wall and 
situated singly or in pairs on cither side oi a heterocyst 

48 Anabttna utitspora Gardner Geitler, op at , 1930-32, p 901, 
Pig 580 A 

Var crawl var nov (Fig 6, D and E) 

Plant-mass soft, mucilaginous Tnchomes free, long, more or less 
straight, tapering at extreme ends, constricted at joints , end-cells with 
rounded apices Cells cylindrical, sometimes almost quadratic Hetero- 
cysts single, cvhndncal or ellipsoidal, sometimes pressed from both ends 
Spores single, adjoining heterocysts, long ellipsoidal, sometimes pressed 
from both ends, with a smooth hcaliue outer wall 

Ut cell , 4 8-0 0 p , long tnch , 500-700p , long cell , 4 5-13 2 p , 
lat het , 5-8 2p , long liet, 7-4-16 5p, lat spor , 9 0-15p, long 
spor , 23-31 6 p 

Habitat —In a rain-water pool, along with stenle filements of Sptro- 
gyra and Oedogomum , floating on the stagnant water of a rice-field 

The variety agrees with the type in possessing cylindrical cells, 
constrictions at septa, cnd-cells with rounded apices and single ellipsoidal 
spores on only one side of a heteroi >st» , hut it diflers from the same in 
having broader tnchomes and narrower spores with a hyaline outer wall 

49 1 nabtena aphamzomtnotdcs Forti Geitler, op cii , 1930-32, 

p 876, big 556 

Var Mtpiospora var nov (Fig 5, F and G) 

Thallus free-floating, thin, floccose, pale blue-green Tnchomes 
single, straight or bent, tapering at the ends, with constrictions at the 
joints , end-cells conical with rounded apices Cells quadratic or upto 
three tunes os long as broad Hcterocysts single, intercalary, ellipsoidal, 
rarely spherical Spores ellipsoidal sometimes pressed from both ends, 
one or two on each side of a heterocyst, with a hyaline outer wall 

I,at tnch , 3 3-4 p, at top 1 6p, long cell, 3 3-11 p, lat het, 
6-6 Op, long het, 6-11 6p, lat spot , 9 6-13 5p, long spor. 
11 6-19 8 (-23) p 

* Since the author of Anabana wit fora has not given any idea of th« shape and the 
actual dimensions of the heterocysts, it is not possible to compare them with those of the 
present form. But the original figure of the type shows that the heterocyets are cylindrical 
as found in the form under discussion The Benares alga, however, possesses ellipsoidal 
heterocysts as well 
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Habitat —In a rain-water pool, along with Aulosira Fritschn, Cosma- 
rtum sp , Closterium sp , and several others 

The variety agrees with the type in possessing quadratic and cylindri¬ 
cal cells, ellipsoidal heterocysts and one or two spores on each side o! 
a heterocyst, the former with a hyaline outer wall, but it differs in the 
slightly narrower tnchomes, in the absence of gas-vacuoles in the cells, 
in the longer heterocysts and in the bigger ellipsoidal spores 

50 Anabana sphanca Born et Flah var a/Unuala BMradw&ja 
Bh&radwftja, op cit , 1935, p 104, Fig 5, G and H 

Lat trich , 3.3-5,i, long cell , 3 3-4p , lat het, 4 8-G 4 1-7 5) p, 
lat spor , 10-12,1, long spor , 9 8-14 0,* 

Habitat —On soil submerged in water at the edge of a pool 
This variety, as originally reported, possessed only single spores on 
either side of a heterocyst. but in the present form, sports are also met 
with in pairs on each side of a heteroevst 

61 Anabana ferhlxssma sp nov (Fig 0, A-C) 

Trichomes single, straight or bent, with almost rounded cnd-tells, 
tells barrel-shaped, heterocysts almost spherical, spores in long chains, 
often making the whole tncliome sporogenous, adjoining the heterocysts 
but developed centrifugally, almost spherical, with a smooth hyaline 
outer wall 

I.ong tnch, upto 350p, lat trich, V5 Op, at apex 4p, long 
cell , 4-8-8,*, lat het,C4-8 4p. lat spor, 4 8-8,*, long spoi , 

3 2-8 8^ 

Habitat.—In a pond on the University grounds, along with Daclvlo- 
coccopsts raphidioides forma, Calothnx tnarchtca var intermedia, Anabana 
lyengan var tenuis, Oscillatona ammalis, I.yngbya Digeuti and stinle 
filaments of Spirogyra and Oedogontuvt 

The important feature in this alga is the formation of spores in long 
chains, so much so that practically the whole of the trichoma becomes 
sporogenous. It comes dose to Anabana spheerica Born ct Flah on 
account of the barrel-shaped cells, rounded end-cells and spherical hetero¬ 
cysts and spores , but it differs in the spores being smaller and formed in 
long chains In the presence of spherical heterocysts and spores in chains, 
the present alga agrees with Anabana gelahnicola Ghose, but it differs 
from the Lahore form in the presence of narrower trichomiS that are 
never coiled, rounded end-cells and math longer chains of smaller spores 
adjoining the heterocysts The barrel-shaped cells and the chains of spores 
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characteristic of this alga also recall Anabana variabths Ktttz., A. ttnigi- 
nosd Gardner, A Iyengurt BhAradwAja, and A doltotum BhAradwAja, but 
it differs from all these four species in the spores being spherical. It 
further differs from the former two species in the presence of spores 
adjoining the heterocysts and from the latter two species in possessing 
spherical heterocysts 



Fio 6. A— vegetative and B tr C—iporogenou! portion! of filament! of 
ftrtthiitiM ip. nor. All X 875. 



Tht Myxopkycea of tht United Provinces, India—III 365 

6, OsctUatonacece 
Genus Sptrultna Turpin 

52. Sptrultna platensis (Non 1st) Gora Geitler, op at , 1930-32, 
p 922, Fig 590 d . Fr6my, op at, 1930, p 232, Fig 205 

Var tenuis var nov (Fig 7, A and B) 

Plant-mass greyish-brown , trie-homes pale blue-green, of uniform 
width, in regular spirals, without constrictions at the joints , end-eclls 
with rounded apices , cells disc-shaped 

Lat tnch, 5-1-0-4p; long cell, 10-2 5 (-3-3) p, lat sp:r, 
30-43 p ; spat inter duo spir , 40-52 p 

Habitat •—In a waste-water drain , in a pond, along with Osalla¬ 
tona chalybcu, Rajghat 

Tile vanetv agrees with the tspe in the uniform width of the 
trichomes, in the rounded apices of the end-cells, in the spirals being 
regular, and in the distance between the spirals , but it differs on account 
of the narrower trichomes, the broader spirals, the comparatively «hoiter 
cells, and the absence of constrictions at the septa 

53 Sptrultna major Katz Geitler, op at, 1930-32, p 930, 
Fig 595, Fr6mv, op at, 1930, p 235, Fig 208, Tilden, op at, 1910, 
PI IV, Fig 46 , Fr4mv, op at , 1934, PI 31, Fig. 18 , Carter, " A compa¬ 
rative study of the algal flora of two salt marshes, Part II,” Journal of 
Ecology, Vol XXI, I, 1»3S, p 159, Fig 2 . Ghose, op at, 1926, PI VI, 
Fig 3 

Lat trich , 1-1 4p, lat spir, 3-2-3-5p, spot inter duo spir , 
2 4-3-2p 

HabitutOn moist soil along with other nlgte, planktonic in the 
tank of the Benares Electric Light and Power Supply Co , Ltd , along 
with Chroococcus lurgtdus. C mtnutus and Mensmoptdta tenuisstma 

Genus Oscillatarta Vauch 

54. Osallatona sancta (Kiltz) Gora. Frtmy, op at, 1930, p 210, 
Fig 177; Tilden, op at, 1910, PI IV, Fig 5, Carter, op ct/, 1933, 
p 169, Figs 11 and 12, Geitler, op at., 1925, p 356, Fig 418 

Lat cell., 10-16p; long cell, 2-5-4-8p 

Habitat’—On moist soil amidst flower pots in the Green House, 
University Botanical Garden, along with Osallatona Ulrtcht, on moist 
soil along with Osallatona fortnosa 
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Lat cell. 9-6—11 - 2 /x , long cell,2-4/i 
The form has no constrictions at the joints 

55 Oscillatona obscura Brflhl and Biswas "Algal of the Bengal 
Filter-beds," Journal of the Department oj Science. Calcutta University, 
1922, Vol 4, PI II, Fig 9 

I y at cell , 4-1-4 8 p , long cell, 1-1 3 n 
Habitat —On wet soil along with Navicula sp 

56 Oscillatona angmna (Bory) Gom Ceitler, op cit , 1930-32, 
p 945, Fig 599 6 

Lat trich , 6 0-8 2 n , long cell, 1 • 5-2 6 

Habitat —In a waste-water drain ; in a ram-wattr puddle, Chunar 

57 Oscillatona chalybea Merlens Geitler, op at , 1930-32, p 956. 
Fig 608 6 

Lat cell ,7-9 6 p. at top 6 0 y. , long cell ,3-6 6 n 

Habitat —On wet soil, along with Oscillatona homngenea, Mussoorie 

58 Oscillatona tenuis Ag Geitler, op at , 1930-32, p 960, Fig 611 g , 
Tilden, op cit , 1910, PI IV, Fig 17 

Lat cell , 4 5-6 6 p , long cell, 2 5-5 p 

Habitat —On moist soil, in a road-side water course, Shivpur, 
Benares, along with other algte , in ram-water ditches on waste ground 

59 Oscillatona pseudogemmata G Schnndle Geitler, op at , 
1930-32, p 966, Fig 010 

Lat cell ,1 6-1 8/t, long cell, 1-2/t 

Habitat —On moist soil 

Forma 

Lat trich , 1 6-2 n , long cell, l • 8-5 n 

Habitat —In stagnant water of a ditch near a well 

The form possesses much longer cells as well 

00 Oscillatona quadnpunctulata Brflhl and Biswas Brflhl and 
Biswas, op at , 1922, p 5, PI I, Fig 6 , Biswas, " Road Slimes of 
Calcutta," Jour Dept Set , Cal Untv , 1925, Vol VII, p 10, PI II, 
Fig lla-d. Geitler , op at , 1930-32, p 966 
Lat trich,, 1 6-1 8/*; long cell. 8-6 1 p 

Habitat —On moist soil along with other algse ; in a pond along 
with other algse 
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01. OsctUatona homogenea Fremy Vthmy, op cit , 1930, p 221, 
Fig. 184 

Bat. cell ,3 3-3-5 p , long cell ,3 6-4 6 ft 

Habitat —On wet soil, along with ObCillatona chalybea, Mussooric 

62 Osctllatona Ofteni Ar Tilden, op cit . 1910, PI IV, Fig 35 , 
Geitler, op c\t , 1925, p 372, Fig 403 

I,at cell ,5 5-6 6 ft , long cell ,3-4 5 p 

Habitat —On moist soil along with Osctllatona sancta and others , 
on water-logged soil 

63 Osctllatona formosa Bor\ Geitler, op ctt , 1930-32, p 970, 
Fig 619 b 

I/it tnch , 4 5-6 6 p, long cell , 1 8-4 5 p 

Habitat —On moist soil, along with Osctllatona pseudogemtnata , on 
moist rocks, along with Phormtdmm subfuscuin, Mu«soone , on moist soil, 
along with Osctllatona sancta and 0 prtnceps , on soil, along with other 
algce, in a waste-water drain 

61 OsctUatona clartcentrosa Gardner Geitkr, op cit , 1930-32, 
p. 964, Fig 615 c 

Forma btgranulala form nov (Fig 7, C) 

I,at tnch , 2-2 5 p , long cell , 5-10 p 

Habitat —In stagnant water of a drain, along with sterile filaments 
of Sptrogyra and Oedogontum 

The form differs from the t>pc in the presence of two granules on either 
side of a cross-wall and in the t rich owes showing a more gradual tapering 

65 Osctllatona rubescens DC Geitler, op erf, 1930-32, p 973, 
Fig 020 a and b 

Forma. 

Bat, tnch , 4 8-6 4 p , long cell , 1 2-4 p 

Habitat - On wet soil, Cliunar 

But for the presence of narrower triehomes, the Benares form agrees 
with the type m all respects 

00 Osctllatona Lemmermattnt Wolosz Geitler, op ctt , 1930-32, 

p 969, Fig 618 i 

Bat tnch ,2 2-2 8 p. long cell , 2-5-5p 

Habitat —On moist soil along with Phormtdtum Jadtntanunt forma 

67 Osctllatona anmalts Ag Geitler, op ctt , 1930-32, p 950, 
Fig 603 e 
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Lat trich , 3• B-3-3 /*; long cell., 2-5-2/*. 

Habitat:—On the moist sides of the cemented pavement of a well; 
m a pond on the University grounds, along with Dactylococcopsu rapht- 
dtotder forma, Calothnx marchtca var intermedia, Anabana ferttltssima 
sp nov, A Tyengan var. tenuis, Lyngbya Digeuti forma and sterile 
filaments of Spirogyra and Oedogontum , in a ditch along with OsciUaioria 
sancta and others 

68 OsctUatona acuminata Gom Tilden, op. cit , 1910, PI. IV, Fig 29. 

Forma 

Lat cell, 3-3• 8/x ; long cell., 1-3-8 ft 

Habitat —On moist soil. 

The form differs from the type in the smaller dimensions of the cells 

09 OsctUatona sahna Brflhl and Biswas Geitler, o/> at , 1930-32, 
p 979, Fig 824 

Lot, cell , 3-3-4-8ft , long cell, 1 5-2ft 

Habitat —In earthen water-pans in a green house, along with Cyhndro- 
spermum tndtea and Coccontes sp , on moist soil in a drain, Cantonment 
area , on moist soil, University area 

Unlike the type, the Benares alga is a fresh-water form 
Genus Phormidtum Kiitr 

70 Phormidtum Bohnen Schmidle “ Beitrage sur Algcuflora Afnkas," 
Englcr's Botantsehc Jahrbucher, 1902, 30, Taf. II, Fig. 11 

Forma 

Lat fil., 3-3 7 it; lat cell, 2-2-2.8 ft, long, cell, 1 6-2 3 ft 

Habitat —On the cemented surface near the waste-water outlet of 
a house, Ramnagar 

The form differs from the type in the presence of the broader and the 
closelv entangled filaments with a persistent sheath 

71 Phormidtum cebennense Gom Fr4my, op at, p 147, Fig 129 

Lat tnch , 1-8-2 ft; long cell, 1-2 ft. 

Habitat.—On the plinth of the College building near the outlet of 
a drain, along with Phormidtum anomala sp nov 

72 Phormidtum mucosum Gardner Geitler, op at, 1930-32, p 10X2, 
Fig 646 6 

Var arvense var. nov (Fig 7, D and E). 

Plant-mass thick, fragile, blue-green to greyish-blue Filaments looeety 
entangled. Sheath thick, firm, hyalme, unstratified. Trichomea of uniform 
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width, not constricted at the joints; apical cells with rounded apices, 
without calyptra or cap. Cells quadratic or almost quadratic or slightly 
longer than broad. 

Lat fit, 3 2-5 • 2 /*; crass vag, upto 2/*, lat tnch , 18-2 6 /*, 
long cell, 1-5-3 >6 /* 

Habitat:—In stagnant rain-water of a crop-field 

The variety agrees with the tvpe in all respects except that it has 
narrower filaments and tnchomes, the latter possessing shorter cells 

73 PhOimuitum Retm (Ag) Gom Geitler, <p cit , 1930-32, p 1012, 
Fig, 647 a—d. 

I,at fil. 4 5-7/i, long cell , 4 5-8/* 

Habitat —On the sides o! the water storage tanks of the Benares 
Water Works, on moist stones near the dam, Latif Shall, Benares State 

74 Phormtdtum ambtguum Gom Geitler, op cti , 1930-32, p 1012, 
Fig 647 t, Gbose, " The Mvxophjeete of Rangoon, II," Journ Burma 
Res Soc , 1927, Vol XVI, Part III, pp 220-26, PI XI, Fig 4 

Forma 

Lat cell, 3-4/1, long cell, 1-5-2 8/i 

HabitatOn the sides of the cemented water reservoir, University 
Botanical Gaiden 

The form has slightly narrower tnchoraes than those of the type 

75 Phormtdtum subincmslatum Fritsch and Rich Fntsch and Ruh, 
“ Contributions to our knowledge of the Fresh-water Alga; of \friia, 7, Fresh¬ 
water alg« (exclusive of Diatoms) from Gnqualand West," Trans. Roy Soc. 
S Africa, 1929, Vol VXITI, Parts I and 2, p 84, Fig 27 /-I 

Lat tnch , 4-7-5-8/i, crass vag , upto 0 5/; long cell .2 6-8/i 

Habitat —On moist soil, along with Mtcrocoleus chlhimoplastcs and others. 

76 Phormidtttm subfuscum Ktltz Geitler, op at , 1930-32, p 1023, 
Fig 652 d-g 

Lat cell, 8-4-11-7/*. long cell, 1-8-3/* 

Habitat .—On moist soil, along with Osallaina formosa 

The calyptra in this form is rounded instead of being pointed. 

77. Pkomtditm favosum (Bory) Gom Geitler, op at, 15(30-32, 
p. 1023, Fig 662 a and b 

Forma. 

Lat. ctli, 4-6/*; long cell, 2 ■ 4—3 ■ 5 /*. 

Habitat:—On the sides of a big water reservoir. 



I 

!—Terminal portion of the trichome and B —entire 


plant of SlHrutiita flail 
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The form exactly resembles the type except for the presence of shorter 

cell? 

78 Phormuhum aulumnale (Ag) Com Ceitler, op ctt, 1930-32, 
p 1023, Fig 052 k and l , Fremy, op cit , 1934, Pi 24, Fig 4 , Carter, 
op cit , 1933, p 156, Fig 7 

Lat cell, 4-4-8/*, long cell, 2 4-4 8/* 

Habitat —On the stony step? of a tank near water-level 

79 Phormuhum anomala sp nov (Fig 7, F-I) 

Thallus thick, expanded, soft, mucilaginous deep blue-green to green 
Tnchome? sub-parallel, of uniform width, without constuctions at the joints 
Sheath thin, colourless, unstained with chlor-zinc-iodide, peristent or 
dissolved Cells disc-shaped, much broader than long , end-cells bluntly 
rounded, without cap or calyptra 

Crass strat , 3-6 mm , lat tnch , 8-10/*, long cell, 0 8-12 (-2)/* 

Habitat —On the plinth of the College building, near the outlet of 
a dram, along with Phormuhum ccbennense 

This alga approaches Phormidtum ambtguum Gom and Phormuhum 
subutcrustaium Fntscli and Rich in the presence of an expanded stratum, 
the uniform width of the tnchomes, the absence of constrictions at the 
joints, and the rounded apices for the end-cells, which are without a raj) 
or calyptra , but it differs from both these species in having shorter and 
wider cells * It further differs from the former species in the filaments 
being more or less parallel, the sheath being always thin and unstratified, 
and remaining unstained with chlor-zinc-iodide, the alisence of granules 
near the septa and of the gas-vacuoles in the cells The Benares alga, 
while further agreeing with Phormidtum submcnistatum in the sub-parallel 
tnchomes and the thin, diffluent and unstratified sheath, differs from it in 
the thallus being thicker and without any impregnation of lime 

Genus Lyngbya Agaxdb 

80 Lyngbya gracilis Rabenh Geitler, op at , 1930-32, p 1040, 
Fig, 657 a ; Fr4my, op at , 1934, PI 26, Fig 3 

Lat fil, 8-11 8/i, cross vag, 0 8-1-8/*, lot trich, 5-6-8 3/*, 
long cell, 2-6 ■ 4 /*. 

Habitat —In the water storage tank of the Benares Water Works, 
along with Chamosipko h stdcriphilus vaT glabra 

* Frltsch and Rich have not mentioned the length of the eetli In Phormidinm tubttt- 
crtaiatum, bat their figure* ihow them to be *horter than broad or atmo*t quadratic. 
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81. Lyngbya spiralis Geitler Geitler, op. at , 1980-32, p 1042, Pig 659 

I,at. Cl, 5-5-8/*, crass vag , 0-3/4,, lat tnch, 4-8-5/*, long, cell., 

1 5-2 5/i 

Habitat —Planktonic in a rain-water pool, along with Aphanothtce 
bullosa . 

82. Lyngbya limnettca Lemm Ltrmuermann, op at, 1910, p 102, 
F>g 8 

Lat hi , 1 5-2/i , lat cell, 1 2-1 6/i. long cell, 1-2 5/i 

Habitat —In an ornamental water reservoir of a private garden, along 
with Microcystis eerugtnosa var. elongata, Osctllatorui Ann/e and Oedogomnm sp. 

83 Lyngbya dcndrobia Bttthl and Biswas “Coramentationes Algologia* 
ii algie epiphyticse epiphloite indicee or Indian Bark Algae," Jour Dept. 
Set , Cal Untv , 1923, 6, PI III, Fig 11 a-c , Geitler, op at, 1930-32, 
P 1061 

Forma 

Lat fil, 9 0-13 2 /i, crass vag , 0 8-3 /t, lat tnch , 6 -6-8 8/i, 
long cell , 4-8 /» 

Hnbitat —On moist soil, spreading among Rtccia sp and grass blade 

The form differs from the type in possessing narrower trichomes and 
thicker sheath 

84 Lyngbya coritcola Brfihl and Biswas Btfihl and Biswas, op at , 
1923, PI IV, Figs 13 a-d, Geitler, op at, 1930-82, p 1052. 

Lat fil, 18-4-25 6/*, crass vag, 2 • 4—8 ft, lat cell, 10 4-12-8/*, 
long cell , 4-8/i 

Habitat —On moist soil, University area 

The form differs from the type in the sheath being very thick and 
stratified. 

85. Lyngbya astuara Liebm var arbusltva Brtlhl and Biswas Brfihl and 
Biswas, op at , 1923, Pi II, Fig 9 a-e ; Geitler, op at , 1930-32, p 1053 

Lat fil, 22-8-26-4/1, crass, vag, 2-5-4 /x; lat. tnch, 16-18/*, 
long, cell , 4-5-8/* 

Habitat:—On the bark of Eujenia Jambolana by the side of the road 
leading to Allahabad 

86. Lyngbya arboneda Brfihl and Biswas. Brfihl and Biswas, op. cit., 
1923, PI. HI, Fig. 10 a-o , Geitler, op at , 1932, p. 1053 
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Lat fil, 19 2-23 /I , crass vag , 2-4/*, lat tnch, 16-17/1, 

long cell, 4-6 • 4 (-9) /i 

Habitat —On the bark of Mangtfera tndica along with Lyngbya 
trumcola 

87 Lyngbya trumcola Ghose Chose, op at , 1923, PI 31, Fig 6 

Lat fil, 15-16 5/t, crass vag, 0 8 /t, lat trich , 12-15 /i, 

long cell , 1 • 5-4 5 /i 

Habitat —On the bark of Bassta lahjolia and Mangtfera tndicp, cither 
singly or along with Lyngbya arbortcola, University Botanical Garden 

88 Lyngbya rttbtda Fremy FrSmy, op at , 1930, p 185, Fig 155 
Forma 

Lat fil, 6-8 /* , lat tnch , 4 8-5 /i, long cell, 4-8 /i 
Habitat —In a stagnant pond 

The form differs from the type in having slightly broader trichomes, 
shorter cells and a hyaline sheath 

89 Lyngbya ccylantca Wille Geitler, op at, 1930-32, p 1055, 
Fig 668 a , Ghose, “ On a collection of Mjxophyeete from Mergui and 
some neighbounng islands,” Journal of the Burma Research Society, 1927, 
Vol XVII, Part III, pp 244-51, Pi III, Fig 11 

Lat fil, 12-8-19 /*, crass vag, 3 2-4/*, lat tnch, 9 6-112/*, 
long cell, 4 8-6 4 /* 

Habitat —On moist soil along with Microcoleus chlhonoplastes 
The sheath in the Benares form is thicker than that of the type 

90 Lyngbya lutea (Ag) Gom Geitler, op cit , p 1058, Fig 670 a and 
b, Frferay, op cit, 1934, PI 28, Fig 4 a-c . Carter, op cit, 1933, p 164, 
Figs 5 and 6 

Lat fil , 4 8-5 /*, lat tnch ,3 8-4/*, long tell, 2-4-3 8 /* 

Habitat —In a cemented drain, University Botanical Garden 
The sheath in this form is thin and unstratified 

91 Lyngbya Digeult Gom. Geitler, op at , 1930-32, p 1038, Fig 656 e 

Lat fil, 1-5-2 3/., lat trich, 1 4-2-2/*, long cell, 1 6-3 2 /* 
Habitat —In a pond on the University grounds, along with Dactylo- 
coccopsts rnphtdmdes forma, Calothnx marchtca var, intermedia, Anabana 
Iyengart var tenuis, A ferttlisstma sp nov, Osctllalorta anmahs and 
sterile filaments of Spirogyra and Oedogomum 

The form is characterised by the possession of narrower filaments. 
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92 Lyngbya oonftrvoidet Ag, Tilden, op at , 1910, PI. V, Pig 39, 
Frfimy, op at, 193*, Pi. 28, Fig 2; Carter, op at , 1933, p 162, Fig. 11, 

1 and 2 

Lat fU., 19 8-23-2/4, crass vag , upto 6 /i; tat trich , 13 2-19-2 /t ; 
long cell, 2-4 /i 

Habitat -—In an ornamental reservoir of a private garden tinder the 
shade of the closely spreading leaves of Nflumbtum »p, 

93 Lynbgya arugineo-carulea (Kilt*) Com. Frtmy, op at, 1930, 
p 193, Fig 167 , Ghost, op at , 1926, Pi VT, Fig 7 

Irfit fil, 6-4-8/t, lat tricli, B-l-6 4/t, long cell, 1-8-4 8 (-6-6) p, 

Habitat —In a stagnant pond, Chnnar 

94 Lyngbya putealts Mont Geitler, op at, 1930-32, p 1063, 

Fig 67B b , Frtmy, op at , 1930, p 193, Fig 1B9« and b 

j^at fil, 8-11 2/i, crass vag, upto 0-8/i, lat tnch, 6 4-9 6, 

average 8 /i, long cell, 3-10 6 /i 

Habitat —In the stagnant water of an irrigation channel, Ramnagar 

98 Lyngbya Martenstana Menegh Geitler, op at, 1930-32, p 1064, 
Fig 676 

Forma 

Ut 61,8-8 8/1, crass vag., 0 8 /i, lat Inch , 6 6-6 4 ja , long 

cell , 2-4 8/i 

Habitat —On water plant at the edge of a rain-water pool 

The form differs from the type in the sheath being always smooth and 
the cells being sometimes longer 

90 Lyngbya stagmna Ktttz Geitler, op at , 1930-32, p 1066, 

Fig 679 b. 

Forma 

Lat fil, 10-12/t, lat. trich , 8 B-9-B/t, long cell, 5-10/i 

Habitat —In a stagnant puddle by the side of the River Ganges along 
with Cladophora sp and Gomphonana sp 

The form differs from the type in having narrower trichomes and longer 
cells* without granules near the septa 

* From the deacnptlon of the type it it clear that the cetla ire much ahorter than 
broad, but Skuja'a figure ahows the celli lobe aims it quadratic or only illghtly ahorter 
than broad, Juet like thoie of the form under dltcuitlon. 
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97 Lyngbya major Mencgh Tilden, op cU , 1910, PI 6, Fig 46 , 
Geitler. op' at, 1930-32, p 1066, Fig 679 a , West, op at, 1916, p 42, 
Fig. 28 A 

Lat. fil., 19<2-20-8p, crass vag , 3-2-4 p, lat tnch , 12-8-14-4 p, 
long cell, 2-4 p 

Habitat:—On moist soil in shade 

Genus Symploca Kiitzing 

98. Symploca murahs Kfltz Geitler, op at, 1930-32, p 1125, 
Fig, 732; Fr4ray, op. ctt , 1930, p 129, Fig 113 a and 6 , West, op at., 
1916, p 23, Fig 15 E. 

Forma 

Lat fil., 5-2-7-5 p , crass vag , upto 2-5p, lat tnch , (3 2-) 4-5 p , 
long cell, 2 4-5 6 p. 

Habitat —On moist soil. University area 

The form differs from the tvpe in having broader tnehomes and some¬ 
times longer cells 

Genus Mtcrocoleus Desmazieres 

99 Mtcrocoleus chthonoplastes Thuxet Geitler, op at , 1930-32, 
p 1134, Fig 739 ; Carter, op cit , 1933, p 166, Figs 15-17. 

l)iam fil, 30-100 p, lat vug, 15-65 p, lat cell, 4-6 p , long cell. 
4-8 p 

Habitat —On moist soil along with other algae 

100 Mtcrocoleus soctatus W etO S West Frtmy, op ctt , 1930, 
p. 83, Fig 85 a and b. 

Warn fil, 30-49 p, lat vag, 2-10p. lat tnch, 2-4-2-8p, long 
cell,4 8-6p 

Habitat —On moist soil along with other algae 

The writer takes tins opportunity to express his great indebtedness 
to Professor Y BhAradwija, for his kind guidance and criticism throughout 
the course of this investigation 



THE PROTEINS OF GROUNDNUT ('PEANUT), 
ARACH1S HYPOGAEA, LINN. 

By W V Kotasthane and N. Nabayana 
(Prom the College of Agriculture, Poona ) 

Received August 9,1937 

(Communicated by Rao Bahtdur Dr D L Sahasrabuddhe.) 

India produces a large variety of oilseeds in abundance Among them, 
groundnut is of supreme importance as it occupies a third of the total area 
under cultivation of oilseeds The total production is more than three 
million tons which represents nearly half the world’s output of this seed 
The seed is eaten as such or after being fried But the main use of 
groundnut is for its oil which is nearly 60 per cent of the seed The cake 
which is available m large quantities is mainly used as cattle food or a9 
manure Many workers have pointed out the high nutritive value of ground¬ 
nut cake for human consumption (Daniel, 1917 , Wallis, 1917) Johns and 
Jones (1916-18) and Daniel and Menaul (1921) have isolated the proteins of 
the groundnut cake and analysed them In India there has been practically 
no work on the nature of the proteins of oilseeds The only solitary reference 
to oilseed proteins is that of Narayana and Srimvasaya (1936) on the proteins 
of sandal seed, which though edible is not used as a food-stuff In this investi¬ 
gation, therefore, an attempt is made to get an idea of the nutritive value of 
groundnut cake by making a complete and detailed analysis of its proteins 
Material —The seeds of the two common varieties of groundnut, bocal 
and Spanish, were employed The oil was expressed in a local gham and the 
cakes obtained were utilised for the isolation of proteins Below are given 
the analyses of the two cakes used in this investigation 


Table I 


1 

Local 

Spanish 

Moisture . 

4 31 

6 66 

*Ash 

4 18 

4 83 

Ether Extract 

20 84 " 

10 06 

(Crude Protein (N X 6 26) 

62 60 

62 22 

Crude Fibre 

2 42 

3*42 

Carbohydrates 

16 76 

13-82 


100 00 

100 00 


* Sand . 0*40 0 81 

t Nitrogen . 8 40 9 95. 
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The Proteins of Groundnut {Peanut), Arachis hypogaa, Linn. 177 

Experimental, 

As the preliminary experiments showed that the presence of even a 
small quantity of oil in the cake exerts a strong inhibiting action on the 
peptisation of the proteins, the cake was extracted with ether to make it 
completely free of oil. 75 per cent of the total nitrogen was extractable 
with 10 per cent, sodium chloride solution at room temperature and most 
of it could be precipitated as a globulin 
Isolation oj the Proteins — 

Total Globuhns —The cake was extracted with 10 per cent saline solu¬ 
tion. Total globulins were isolated from this extract by (i) dilution and 
acidification with acetic acid, (n) by dialysis and (m) bv saturation with 
ammonium sulphate Three preparations were thus obtained 

Arachtn and Conarachin — Johns and Jones (1916-18) have shown that 
two globulins—Arachm and Conarachin—can tie obtained from the saline 
extract by fractional precipitation with ammonium sulphate. The saline 
extract of the cake was saturated with ammonium sulphate to 0-25 satura¬ 
tion The precipitate of Arachm obtained was redissolved m 10 per cent 
saline solution and was reprecipitated from this either by dilution and 
acidification or by dialysis Thus two preparations of this protein were 
obtained 

Conarachin was obtained by dialysing the filtrate from Arachtn against 
cold distilled water to make it free from ammonium sulphate Another 
preparation of the same protein was prepared by fully saturating the filtrate 
with ammonium sulphate This was redissolved in 10 per cent saline 
solution and dialysed 

All the above preparations were washed with distilled water several 
and dehydrated by washing with graded strengths of alcohol and 
finally by ether The preparations were dried in vacuum and powdered to 
pas* through a 100-mesh sieve. All the preparations were light powders, 
greyish white in colour. Arachm constituted the major part of the total 
globulins of groundnut, its yield being ten tiroes that of Conarachin 

The table below gives the average of duplicate elementary analyse* of 
the various preparations of the three proteins from each of thi two 
varieties. 
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Tabi.E II. Total Globulins 


Preparation No. . 

Method 

Local i 

Spanish 

I 1 

II 

in 

I 

II 

in 

Dialysis j 

Dilation 

Salt 

Satura¬ 

tion 

Dialysis 

Dilution 

Salt 

Satura¬ 

tion 

Moisture 

7 00 

8 20 

7 18 

6 80 

7 68 

6 41 

Ash 

0 63 

0 70 

0 67 

0 61 

0 60 

0 64 

•Nitrogen 

17 77 

17 74 

17 66 

17 67 

17.62 

17 63 

•Sulphur . 

0 42 

0 38 

0 43 

0 40 

0-43 

0 30 


Arachtn 


Preparation No 

Method 

Local 

| Spanish 

I 

II 1 

I 

II 

Dilution 

Dialysis | 

Dilution 

Dialysis 

Moisture . 

6 98 

7 50 

0 08 

6-42 

Ash 

0 18 

0 10 

0 22 

0 18 

•Nitrogen . 

17 98 

17 88 

17-89 

17 83 

•Sulphur 

0 38 

0 40 

0 40 

0 36 


C.onarachm 


Preparation No. .. 

Method 

Local 

Spanish 

1 

II 

1 1 

II 

Dialysis 

Salt-Satu¬ 

ration 

Dialysis 

"^Salt-Satu¬ 

ration 

Moisture . 

7 92 

90S 

10 02 

8-82 

Ash 

1-99 

1-48 

1 96 

1-64 

•Nitrogen 

16 95 

10 97 

10 89 

16-96 

•Sulphur 

0-96 

0-99 

101 

0-97 


On aih and moisture free basis. 
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Analysis of Proteins.— 

All the proteins were analysed by Van Slyke's Nitrogen Distribution 
Method (1911) as modified by Pllmmer and Rosedale (1925), Knaggs (1923), 
Daft (1929) and Thimman (1928) Every step such as acid hydrolysis, 
precipitation by phosphotungstic acid, etc, has an important bearing 
on the final results It was found that 48 hours digestion with 20 per cent 
hydrochloric acid was sufficient to complete the hydrolysis, t e , to yield 
the maximum amount of amino nitrogen After removal of acid as completely 
as possible, the amount of solid calcium oxide added to neutralize 
the slight acidity of hydrolysate and to set free all the amide nitrogen 
was throughout kept at 3 -6 gm per 1000 mg nitrogen Again, the volume 
in which the precipitation of the bases bv pliosphotungsttc acid was allowed 
to take place was 200 c c containing 350-360 mg of nitrogen and enough 
hydroi hloric acid to make it exactly normal Thus the concentrations of 
calcium chloride, nitrogen and acidity were controlled The solution was 
firet heated to boiling, to which was added a boiling solution of phospho¬ 
tungstic acid When this was done in cold, as described by Van Slyke, the 
precipitate could not be redissolved by heating on the water-bath 

The following tables give the average of duplicate analyses of the various 
preparations of the three proteins from each of the varieties 

It will be seen that the analyses of the various preparations of the 
three proteins from each of the two varieties of cakes agree with one another 
This shows that all the preparations of each protein are equally pure There¬ 
fore, the preparations were mixed and used for the separate estimation of 
arginine, cystine, tyrosine and tryptophane, as described below 

A rgtntne —Tins was estimated directly in the acid hydrolysate of 
protein after removing ammonia by lime according to the method of Pllmmer 
and Rosedale (1925) who have shown that the arginine value as obtained 
from the basic fraction of Van Slyki's analysis is lower than the true value 
as obtained by direct estimation in the hydrolysate 

Cystine .—Pllmmer and Lowndes (1927) have shown that only 40 per 
cent of the cystine is precipitated by phosphotungstic acid along with the 
other bases Hence this was estimated by the Folm and Marenzi (1929) 
method as modified by Remington (1930) 

Tyrosine and Tryptophane —These were estimated according to Folin 
and Marenzi’s micro method (1929) in which tyrosine is separated from 
tryptophane by the precipitation of the latter by mercuric sulphate 
Table IV gives the percentage of these amino-acid* in the two varieties 
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Table IU 

Nitrogen Distribution in Proteins (in Percentage of Total Nitrogen) 
Total Globulins 



Local 

Spanish 

Preparation No. 

I 

II 

III 

I 

11 

III 

Method 

Dialysis 

Dilution 

Salt 

Satura¬ 

tion 

Dialysis 

Dilution 

Salt 

Satura¬ 

tion 

Melanin, insol 

0 50 

0 48 

0 58 

0 71 

0-67 

0 60 

Melanin, adsorbed by 
lime 

0 92 

0-87 

1-00 

0 49 

0 53 

0-58 

Amide 

11 47 

11 62 

10 87 

11 87 

11-26 

12-03 

Basic :— 




i 



Arginine. 

22 80 

21.98 

23-08 

21-64 

22 17 

23-03 

Histidine 

2 23 

2 89 

256 

2-47 

2-21 

3.58 

Lysine . 

4 96 

6.03 

4 59 

5 10 

4 80 

5.40 

CyBtine .. 

0 56 

0 59 

0 44 

0 54 

060 

0 57 

Non-Basic 







Ammo . 

04 49 

54 82 

65.48 

53 77 

54 16 

53-94 

Non-Ammo 

1 92 

2 06 

1-63 

1 93 

1-96 

2 03 

Total .. 

99.88 

100 34 

jlOQ 23 

68.52 

98 38 

99-76 
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Local 

Spanish 

Preparation Ho. . 

I 

II 

I 

II 

Method 

Dialysis 

Dilution 

Dialysis 

Dilution 

Melanin, insoL 

039 

0.29 

0 60 

0 34 

Melanin, adsorbed by 




0 53 

lime 

0 47 

0 73 

0 29 

Amide 

11 63 

11 03 

13 82 

10 02 

Untie.— 





Arginine . 

22 66 

22 60 

22 37 

21 87 

Histidine 

313 

2.85 

3 03 

2-80 

Lysine . 

4-91 

4 38 

4 40 

4 97 

Cystine .. 

0.47 

0 67 

0-47 

0 55 

Non-Batit — 





Amino 

66 98 

56.08 

54.52 

66 44 

Hon-Amino 

ao7 

1 61 

1-70 

2 20 

Total .. 

101 S3 

100 13 

100 34 

00 80 
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Conor achtn 



Local 

Spanish 

Preparation No 

I 

II 

* 

II 

Method 

Dialysis 

Halt Satu¬ 
ration 

Dialysis 

Salt Satu¬ 
ration 

Melanin, inaol. 

0 88 

L05 

1-36 

104 

Melanin, adsorbed by 
lime 

0 97 

0 69 

0-98 

1 22 

Amide 

11 92 

12 16 

11 14 

11 12 

Baric — 

1 




Arginine . 

21 87 

22-37 

23 20 

22-76 

Histidine 

3-01 

3 33 

3 17 

2 89 

Lysine 

5 80 

6 26 

4-67 

5-11 

Cystine .. 

093 

1 01 

1 04 

0-88 

Non-Banc — 





Amino 

51 95 

52-02 

54-42 

53 40 

Non-Amino 

0 99 

1 33 

1 62 

2 10 

Total . 

98 29 

89-21 

101 50 

101 62 
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From the above table the following point* may be noted Compared 
with Arachin. Conarachin is characterised by it* higher content* of basic 
nitrogen, cystine, tryptophane and lysine. But it is, however, much poorer 
in tyrosine. On the whole, the proteins of the three varieties of groundnuts— 
hocel and Spanish, grown in India and Virginian grown in America—do not 
show any appreciable difference in their composition Perhaps the methods 
of analysis are not sufficiently sensitive to «how the subtle varietal dif¬ 
ferences which may possibly exist. 


Table V 



1 

2 

3 

4 

Amino Acids 

Groundnut 

Cake 

Milk 

Soyabean 

Gram 

Arginine 

13 26 

4 84 

6 12 

11-85 

Histidine . 

1 68 

2 69 

139 

1 42 

Lysine 

i -69 

8 98 

2 71 

7 42 

CyBtine 

1 42 

1-20 

t 

2 02 

Tyrosine 

4 80 

4 80 

1-86 

2-95 

Tryptophane 

066 

160 

t 

0 46 


1 Sptnith variety, Total Globulmi-Author». 

2 and 3 ' Soyabean ’—Piper and Morsa (1933). 

4 Niyofi, it ol , 1932. 


In the above table, the total globulins of groundnut are compared with 
the total proteins of milk, of soyabean and of gram (Ctctr artetinum) 
Groundnut protein is characterised by its higher content of tyrosine and 
arginine—two of the most important essential amino acids Though slightly 
poor in lysine content, it is better than soya-beau protein. In its histidine 
content, groundnut protein is quite comparable to the proteins of soyabeans 
and Ctcer ondniw 

Since milk proteins are considered to be perfect and complete, an 
approximate value of other proteins in animal nutrition may be obtained 
by comparing their compositions with that of milk proteins The table 
dearly points to the conclusion that the proteins of groundnut compare 
more favourably with milk proteins than those of soyabeans. Thus as 
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revealed by chemical analyst)*, groundnut proteins are, in some respects, 
supenor to soyabean proteins 

pamel and Loughlin (1918) have conducted feeding experiments with 
groundnut cake According to them the proteins of groundnut are com¬ 
parable to those of soyabean Both these legumes supply the essential 
amino-acids in sufficient amounts for normal growth and reproduction 
Groundnuts are lacking in the fat soluble accessory, but contain a consider¬ 
able amount of the water-soluble vitamins Rats fed on a mixture of ground¬ 
nut meal furnishing 18 per cent of protein, 6 per cent of butter fat, lard 
and corn starch to which no minerals were added, grew normally, repro¬ 
duced and successfully reared their young Again, Wallis (1917) also states 
that groundnut contains a very complete protein (cf Press Note of the 
Industries Department of the Bombay Government, 1918) Groundnut 
cake, milk powder and sodium bicarbonate mixed in the proportions of 
94 6.1, yield a very good invalid food Such a mixture has been success¬ 
fully used for the preparation of culture media. Mixed with egg white, 
it can be used as a diabetic food Wheat flour when mixed with groundnut 
cake In the proportion of 3 1 is said to make as ideal a bread as possible 
and can be used for the preparation of " Rotis ” Johns and Pinks (1920) 
have made similar observations Bread made from 26 parts groundnut flour 
and 76 parts wheat flour furnished adequate proteins for normal growth 
Proteins of this bread were utilised twice as well as those of bread made of 
wheat only. 

Further, groundnut is easily available in this country where it has 
become native for a long time and its method of cultivation is well known 
to the farmers. It can be grown even under dry-farming conditions in sandv 
soil It can be eaten raw or cooked and can be introduced into the daily 
diet of the masses without much difficulty As regards the keeping quality 
of groundnut cake, Sahasrabuddhe and Bhatt (1935, private communica¬ 
tion) have shown that it can be kept for a long time if the flakes of the 
fresh-cake are heated to 100* C and placed in airtight containers 

On the other hand, soyabean is an exotic to this country and is only 
now being introduced It cannot be digested raw and has to be cooked 
under pressure Soyabean flour prepared in the ordinary way does not keep 
well and gets rancid easily A well-keeping flour can be prepared by 
patented methods only which are not in the easy reach of poor cultivators 
The bts n possesses a slight bitterness for which a taste must be cultivated 
Ita flour when added to bread to improve the colour of the crumb has been 
found to destroy the Vitamin A content of the bread Similar tests with 
cod-liver oil have shown that soya flour destroys nearly the whole of the 
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Vitamin A of the oil (Scientific Amtrwm, February 1937, p 1M). 
Recently Dr W R Aykroyd, Director of Nutrition Research, Indian Research 
Fund Association, addressing the Rotary Club of Calcutta, struck a not* of 
warning against the extended use of soyabean which is now being popu¬ 
larised In his opinion, it remained to be shown by conclusive experiments 
whether the soyabean had any particular advantage over the common 
pulses {Tmes of Indux, December 5, 1936). 

From the above it will be seen that groundnut Is in no way inferior to 
soyabean In some respects it has certain advantages over the latter. It 
is therefore advisable to investigate fully the possibilities of the easily 
available groundnut before advocating the use of soyabean in India. 

The authors are greatly indebted to Rao Bahadur Dr. D 1,. Sahasni- 
buddhe for his keen interest and advice during the course of this investi¬ 
gation 
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ON SOME NEW FORMS OF BATRACHIA FROM 
S. INDIA. 

By C R Nasayan Rao 
R eceived November 29,193? 

The material which forms the subject of this paper lias been collected during 
the excursions of the members of the Staff and students of the Department of 
Zoology, University of Mysore, for over six vears The primary object of 
these excursions has been to study the distribution of anuran fauna in the 
localities explored, their mode of occurrence and theu general habits We 
selected certain types of areas marked by distinctive physical features, and 
the results of our collections and of the field observations are set forth in these 
notes 

The Malnad areas of Kadur, Hassan and Shnnoga Districts of Mysore, 
the Anamalai Hills of Coimbatore and Perambikulam forests of Cochin were 
selected for making collections, and for purposes of comparison, specimens 
were also taken from the plains The chain of hills separating Mysore from 
Malabar and North and South Canara forms a definite landmark and well- 
wooded gigantic spurs, divided by innumerable water courses, extend on either 
side The base of these elevated regions is clothed with dense vegetation 
and harbours pools formed by waterfalls The soil is composed almost 
entirely of laterite, and there are places in the Malnad where rich loam and stiff 
day are also encountered During the monsoon these areas receive abundance 
of rain which inundates the country swelling the small mountain streams into 
torrents and converting the shallow puddles into dangerous pooh Perambi¬ 
kulam is in the heart of Cochin forests and the summit of the hills arc covered 
by grass, being elevated above the forest belt Below the hills are covered 
by bamboos and forest trees which abound in big game Anamalai Hills 
are clothed by impenetrable forests and even the base of the Hills could only 
be approached with difficulty. On account of scanty rainfall in the lower 
regions, the ground is hard and water scarce During the hot weather all 
these areas become parched and they seem scarcely to harbour any life 
The most favourable time for collection of batrachian specimens is sometime 
after the rains, when cryptozoic forms will not have retreated into Jheir 
burrows, but will be found lurking near about the water margins 

The distribution and occurrence of batrachian fauna in the Maidan, 
semi-Malnad areas and the ghats which present striking physical features, 
present a sharp contrast The mam point of interest is that each of these 
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areas is inhabited by groups which hardly extend into the adjacent territory 
For instance, typical Maidan forms like R, Juxadactyla, R ttgnna.R Imnockans 
and R brevtctps are not encountered in the ghats and the only exception is 
R. cyanophlydts which can be taken in the thickest forest and on the tops 
of the highest peaks. Bu/o melanosltctes follows R cyanophlydts in its 
occurrence; but Bu/o fergusont does not extend beyond the semi-Malnad 
area into the ghats Again Rhacophorus maculates is strictly an inhabitant 
of the plains and is rarely met with in the ghats, though a few specimens of 
this species have been collected from the semi-Malnad areas We can scarcely 
draw a line of demarcation between strictly Malnad and semi-Malnad in 
regard to the distribution of forms such as Rana curttpcs, Rana malabanca, 
R leptodadyla, R aurantiaca, R dobsont. R verrucosa, R ru/esuns, R bed - 
domts and similarly with regard to Rhacophorus malabartcus, Rh laterahs 
and Bu/o pulcher, Bu/o microtympanum, B partdalts When we enter the 
forests which clothe the sides of the hills, we discover that these forms are 
replaced by a bewildering wealth of batrachian life belonging to the genera 
Ixalus ( Phtlautus) and Mtcnxalus and Nyctibairachus, and R cyanophlydts 
and Bu/o melanoshctus , however, freely mingling with them Except for a 
few stray forms of Ixalus and Mtcnxalus occasionally found m the semi- 
Malnad areas, the three genera Ixalus and Mtcnxalus and Nycttbalrachus 
may be described as inhabitants of mountain slopes, but they rarely extend 
to the summits where only R. cyauophlyctts and Bu/o melanosttctes occur 

Among the Engyslomaltda , the most hardy creature is Mtcrohyla ornata, 
which in point of distribution follows R cyanophlydts and Bu/o melanoshdus, 
though it may not be found on the summit of the hills Cacopus {Euperodon) 
systoma, M rubra, Callula (Ramanella) vanegata, C (R) tnangularts and 
C ( R ) obscura are strictly confined to the plains. But the semi-Malnad rone 
in Mysore harbours a race of Callula (Ramanella) whose adaptive modifications 
to the peculiarities of the environment affected by them, differ so strikingly 
from their congeners in the plains, that one would be justified in creating 
a separate genus for the reception of these forms They are all as a rule 
short legged, the tibio-tarsal articulation hardly extending beyond the middle 
of the body, and they have no web, and all possess the power of climbing the 
smooth surfaces of the plantain trees Our collection of Engystomutid forms 
from the plain districts is sufficiently rich and varied and a comparison of 
the semi-Malnad specimens with them indicates the lines along which diver¬ 
gence has proceeded It is to be noted that none of these Engystomatid* 
are met with in the thickly wooded places on the slopes of hills, and their 
favourite haunt is the cordamom plantation and plantain gardens behind 
the village houses of the Malnad areas 
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The hill slopes which receive an annual rainfall of over 200 inches, are cut 
up by mountain torrents during the monsoon, but become dry and parched 
during the hot weather The Batrachians [Ixalus (Philautus,), Micrtxalus 
and a few members of Rhacophorus and Nydtbairachus] affecting these slopes, 
are scarcely met with in water, but are always found clinging to the rocks, 
loose stones and tree trunks in the close vicinity of waterfalls, running brook* 
and sheltered pools They have large digital expansions, and excessively 
long hind limbs and slender bodies (the only exception being Nychbatrachus), 
enabling them to cling to hard surfaces when their homes are flooded, ot to 
swim against the rapid current R cyanophlychs is a thoroughly aquatic 
form, but it has a habit of burrowing in sands under water and also of dim¬ 
ming over the surfaces of water by taking a series of short leaps, enabling 
the frog to escape being carried away by the floods B nulanoshctus is 
capable of burrowing or entering narrow crevices and fissures of rocks, where 
they abide till the disturbances of weather are over In consequence of these 
peculiar habits of life, they do not seem to have developed anv anatomical 
pecnlianttes different from the other members of their tribe living in the 
plains Both these forms are known to traverse fairly long distances and it 
is this habit which has brought them to the Matnad areas and hill tracts 

The larv* of some species of Ixalvs in our collection almost as a rule 
have greatly enlarged lips, which, we have noticed, they use in adhering to 
rocks and water weeds They are sufficiently large to act as floats in case 
the tadpoles are caught in the rapids It is well known that the tadpoles of 
Nydtbairachus possess widely expanded lips which are suctorial. In the case 
of R. cyanophlychs and Buja tntlanoshdus, the tadpoles have powerful caudal 
fins, far more powerfully developed than in the forms found in the plains ami 
their pouting lips are provided with enlarged beaks and teeth As a rule, they 
attain a larger size, far latger than tadpoles of corresponding age in the plams 
In the semi Malnad belt, where a large number of species of Rana Rhaco¬ 
phorus and Bufo occur, their larvae differ in the degree of development of 
fin, site of tail and in the mouth parts, which, while affording diagnostic 
characters, are nevertheless features due mainly to adaptive modifications 
I have had occasion to study the larval forms of anura taken from all these 
areas, and I am of opinion that, while those coming from similar situations 
present fairly uniform characteristics capable of being used for taxonomic 
purposes, on the other hand, specimens of tadpoles belonging to the same 
species, but taken from situations differing widely in regard to the condition 
of the country and rainfall, show corresponding differences in external 
morphology. I shall refer below to a few instances of such divergent 
modifications and point out how the mouth parts alone, such as the beaks 
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and horny denticles, are not affected by the change of environment and 
how they can be used for the purpose of relating the tadpoles to their parents 
on the basis of these characteristics Appropriate comments on the tadpoles 
will be made under the res 2 >ective heads 

In the descriptive part, I have followed the nomenclature introduced 
by Parker, Boulenger and Malcolm Smith 

Recently, a number of emended schemes of classification of the group 
Anura have been put forward, based upon osteological characters The 
family engvstomatidec under the changed nomenclature is treated as 
Microhylid# by H W Parker' and the names of the Indian genera formerly 
included in the group have also undergone alteration Thus Cat opus becomes 
Uperodon—L (Alula is now recognised as Ratnanella, while Microhyla and 
Melanobalrachus are permitted to retain their names unaffected In S India, 
tlie family Microhylid* is chiefly represensed b\ the following four genera 
(1) Uperodon, (2) Ratnanella, (3) Microhyla and (4) Melanobatrachus As the 
first two names are not quite familiar yet and as it is not widely understood 
what thej replace, I have used the names still in common use in the intro¬ 
duction and in the systematic description, I have adopted the new nomen¬ 
clature Similarly with regard to Ixalus 

In 1920, Boulenger* revised the genus Rana, making use of several 
characters neglected for a long time and he pointed out that the recognition 
of their value for taxonomic purposes might lead to a better understanding 
of their inter-relationships He ha9 divided the, genus Rana into 9 
sub-genera of which species belonging to Mib-generS Rana, Tomoplerna, 
Dtscodeles and Hylorana are represented in South India 

In 1930, Dr Maclolm Smith* pointed out that, as the name Ixalus was 
preoccupied, this genus should m accordance with the accepted terms of 
nomenclature be known as Phtlaulus and he does not favour the fusion of 
this genus with Rhacophorus whose generic position is still left intact He 
retains the name Rhacophorus in preference to Polypedaits 

In the following descriptive accounts, I have used the names suggested 
by these authors 


1 “ Frogs of the Family Mkrohylldc," H.W. Parker, *.a , British Hus Nat, Hist., 
1934. 

* "A Monograph of the Houtb Anan, Papuan, Melanesian and Australian Frogs of the 
Genua Rasa,'' G. A. Boulenger, Rec hid Mus , Vol. XX, June 1920. 

* "The Reptilia and Amphibia of Malaya Peninsula,’’ Malcolm A Smith, Bull. 
Raffles Museum, Singapore, 1930. 
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Genus RANA 
Sub-Genus Tomoptgrna 
Rana paranibikulamana n sp 

Vomepte teeth in short oblique senes, commencing from the inner angle 
of the choaiue which are transverse, oval and directed inwards The hinder 
margin of the vomerine teeth, extending far beyond the posterior border of 
the choanae Tongue without a median papilhe The lower jaw with three 
tooth-like conical prominences 

Head convex, distinctly longer than broad , snout pointed, projecting 
beyond the lower jaw, longer than the eye , can thus rostralis obtuse , loreal 
region slightly oblique, concave, nostril nearer to eve than to the tip of the 
snout, distance between the nostrils greater than the mterorbital width 
which is 2/3 that of the upper eye-hd , tympanum indistinct, 2/5 the diameter 
of the eye, equal to its distance from the eve 

Fingers rather short, obtuse, first nearly equal to the 2nd, both consider¬ 
ably shorter than the third which is distinctly longer than the snout The 
first finger with a larger basal pad , subarticular tubercles prominent, rounded , 
fourth digit equals the diameter of the eye 

Hind limb long, the tibio-tarsal articulation reaching far beyond the tip 
of the snout, the heels crossing when the lnnbs are folded at right angles to 
the body , tibia more than three times as long as broad and 2 and 1/6 times 
in the length from snout to vent, slightly longer than the fore limb and longer 
than tarsus , fourth toe considerably longer than the thigh or tibia and 
slightly more than twice the length of the tarsus All the toes are long, obtuse, 
J webbed, outer metatarsals united, subarticular tubercles small, not con¬ 
spicuous , inner metatarsal tubercle large smaller than the first toe, inserted 
almost in line with the latter, outer metatarsal tubercle inconspicuous 

Skin smooth above and on the ventral surface, a fold from the hinder 
angle of the eye, extending over the tympanum to the shoulder , two short 
prominent folds from behind the eve directed slightly inwards , and a pair 
of less conspicuous folds on either side of the dorsal band, also starting from 
the upper margin of the eyelids, two short obliquely set folds forming an 
open n-shaped space on the back behind the shoulder as in R verrucosa 
and R rufescens No granulation on any part of the body 

Yellowish brown above, deeper over the head and the shoulder, with 
a light vertebral band ; cutaneous folds edged black , a broad white band 
from the eye to shoulder beneath the fold , lips with alternate light and dark 
bands; sides of body and ventral surface white; limbs barred, the stripes 
of the thighs oblique 
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Male with two large vocal 

cs, black confluent medially 


A single specimen. Typeu 

the Central College Museum 


Habitat —Parambikulam forests, Cochin State, S India. 


MEiSUREMEXTB. 



mm. 


mm. 

From snout to vent 

39 00 

Fore arm 

8-00 

Head 

18 00 

Arm 

9-00 

Width of head 

11 60 

First linger 

000 

Snout .. 

6 50 

Second finger 

5-75 

Eye 

8 00 

Third finger 

2.80 

Upper eyelid 

3 00 

Fourth finger 

BOO 

Interorbital width 

2 00 

Thigh . 

18-60 

Distance between eyo and 


Width of thigh .. 

8-00 

nostril 

2 80 

Tibia 

18-00 

Distance between nostril and 


Width of tibia .. 

8 00 

tip of snout 

3 00 

First toe 

6 00 

Distance between nostrils . 

3 00 

Second toe 

9 00 

Distance between eye and 


Third toe 

18 80 

tympanum 

2 00 

Fourth toe 

23-50 

Tympanum 

2-00 

Fifth toe 

14 00 

Intemarial distance 

300 

Inner metatarsal tubercle ., 

. 3-00 


I have compared this specimen with R rufescens, R brmceps and 
R dobsont, from which it differs almost in every character, and generally 
resembles R tignna in external form, though differing in details both from 
this species and R hmnocharts (Forma typica) through which this new species 
is derivable 

Rana leucorhynchus, n sp 

Vomerme teeth in strong oblique senes, separated only by a narrow 
median gap in the median line, but well separated from the choana The choana 
are oval onfices, transversely situated. Behind the vomerine teeth, a well- 
marked broad triangular palatine cavity Tongue without a median papillse , 
lower jaw with a single tooth-like prominence 

Head narrowly concave, slightly longer than broad; snout obtuse, 
truncated, projecting beyond the mouth, very slightly longer than the 
eye; canthus rostralis angular, loreal region oblique, broadly concave, 
nostril slightly nearer the tip of the snout than the eye , distance between the 
nostrils equals the mter-OTbital width, upper eye lid } in the distance between 
the eyes ; tympanum distinct, smaller than the diameter of the eye, ty times 
its distance from the latter 
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lingers rather long, pointed, first longer than the second, shorter than 
the third which is longer than the snout; the first exactly equals the snout 
and twice the width of the upper eyelid Subarticular tubercles large 
and conical, tubercular pads at the base of the first and third finger 

Hind limbs short, the tiblo-tarsal articulation reaching the eye, the heel 
separated when the limbs are folded at right angles to the body, tibia just as 
long as the thigh, length of tibia more than 3 times in the length of thigh, 
more than 2 times in its length , width of thigh equals the length of the 
snout and the latter 1J times the width of tibia The length of the hind limb 
(without digits) exceeds very slightly the distance between the snout and vent 
Tarsus two times the width of tibia , toes rather short, $ webbed, outer 
metatarsals united , subarticular tubercles small, inconspicuous , an inner 
tarsal fold present, inner metatarsal tubercle large, strongly, compressed 
with a sharp edge, as long as the first toe, at the base of which it is obliquely 
set A small outer metatarsal tubercle at the base of the fourth toe 

Dorsal surface of the body, throat and chest smooth , abdomen and 
sides of the body and lower surface and posterior margin of thighs granular , 
sides of body with interrupted folds. no fold from eye to the shoulder 

Pale brown above; upper surface of snout including the anterior third 
of the upper eyelid with a distinct broad white band Between the eyes 
a dark W-sbaped band, behind the eyes and shoulders white; proceeding 
from behind the eyes, a long oval brown mark with a pair of darker streaks 
running along the median line of the area A similar mark a-shaped in 
the median line of the back, and U-shaped marks on the sides of the body 
and hip , fore arms and legs cross barred , throat and abdomen white , under¬ 
surface of thighs yellow; loreal region with a dark broad band from the 
eye to the snout, below the eye a dark anvil-like mark, the lower lid being 
white , foot chocolate brown 

Measurements 


mm. 

Snout to vent . .. 33 00 

Head .. . . 18 60 

Width of head . , 18 00 

Snout .. - - .0-00 

Bye.5 60 

Distance between eye and 
nostril • ■ 2 60 

Distance between nostril and 
snout . .. 3 00 

Dlstanoe between nostrils . 4 00 


Arm 

First finger 
Socond finger 
Tliird finger 
Fourth finger 
Thigh .. 
Tibia . 
Tarsus . 
Width of thigh 
Width of tibia 


750 
4-78 
13-80 
. 13-80 
800 
. 000 
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mm. 


Distance between eye and 

Inner metatarsal tubercle .. 

3-50 

tympanum 

1-00 

First toe 

3'50 

Interorbital width 

4 00 

Second toe 

6-00 

Upper eyelid 

, 3 00 

Third toe 

1000 

Tympanum 

. 3 50 

Fourth too 

14 00 

Fore arm 

. 7 25 

Fifth toe 

8 50 


Toes J webbed 


(Linked with Rana 

ligrtna through 

var panthenna resembling R 

1 can- 


crmra at least superficially ) 

Habitat —Wattakole, Coorg, South India 

A single specimen 

Type —Central College, Bangalore 

Sub-Genus Hylorana 
Rana tntermedius, n sp 

Vomerine teeth in short oblique group3, arising far from choana, the 
distance between them and the latter is greater than the median gap 
separating the senes of teeth The internal bulging of the eyes into the 
mouth forms two large massive structures almost meeting in the median line 
posterior to the vomenne teeth Tongue very large and broad, without 
a papillae 

Head strongly depressed, much longer than its width, snout acutely 
pointed, projecting well bevond the mouth, far longer than the diameter of 
the eye, canthus rostralis very distinct, loreal region nearly horizontal, 
deeply concave , nostril nearer to the tip of the snout than the eye ; distance 
between the nostrils equal to the mterorbital width , upper eyelid four- 
fifths in the distance between the eyes, tympanum (that on the right side 
is larger than the left) very' distinct, smaller than the eye, separated from 
the latter by a distance equal to \ or J its own diameter 

Ringers rather slender, terminating in discs , first longer than the second , 
third slightly longer than the snout, subarticular tubercles fairly large, 
round, a distinct horse-shoe shapped groove separating the upper half of 
the disc from the lower 

Hmd limb rather long , tibio-tarsal articulation reaching the nostrils, 
heels completely overlapping when the legs are folded at right angles to the 
body, tibia nearly five times as long as broad and more than half the total 
length of the body, very greatly exceeding the fore limb, toes moderately 
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long, the tips dilated into discs, all bearing more or loss well defined grooves , 
discs broader than long , web extending to the tips of all the toes except 
the fourth and fifth , subart lcular tubercles conical, not conspicuous , outer 
metatarsal tubercle 2/5 m the length of the first toe , a small conical outer 
metatarsal tubercle at the base of the fourth toe 

Skin smooth , a narrow dorso-lateral glandular fold from the eve to the 
groin , no fold from the eye to the tympanum to the shoulder , the distance 
between the dorso-lateral folds across the iliac bones is more than i/5 in 
the total length of the body , humeral gland No parotoids 

Uniform brown above, sides darker, limbs faintly cross-barred, 
abdomen and throat with irregular dark areas, under surface of thighs 
yellowish , posterior and anterior border of the thighs mottled 
Habitat —Saklespur, Hassan District, Mysore State 
Type —Central College, Bangalore 

The species is intermediate between R gracilis and R temporalis, both 
of which occur in the same locality with R malabartca, R auranltaca and 
R curttpe s I have compared this with these members in almost ever} 
particular and I am convinced that though it resembles with one or the 
other of these species in certain characters, it is entitled to the rank of 
a separate species This course is justifiable when the sue and proportions 
of the head, the relative size of the tympanum and the eye are taken into 
account 

MEASUREMENTS. 

mm. 

Snout to vent .. 43 • 00 First finger 

Head .. . . 20 00 Second finger 

Width of head . 13 60 Third finger 

Snout .. 8 60 Fourth finger 

From nostril to tip of snout 4-00 Thigh 

Tympanum - 4 00 Width of thigh 

By e . . 0 60 Inner metatarsal tubercle 

From eye to nostril 4 76 Tarsus 

Internarial width . 6 00 Width of tarsus 

Interorbital width . 5 00 First toe 

Upper eyelid . 4 00 Second toe 

Distance between tympa- Third toe 

nuro and eye . 1 00 Fourth toe 

..9 00 Fifth toe 
arm .. 8 25 


6- 

9 

7 60 
20 00 

5 00 
2 00 

12 00 
3 00 

6 00 

8 50 
13 60 
20 00 
IS 00 


Arm 


§§§ 
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Rana saurtceps, n sp 

Vomerine teeth in short oblique series, arising from the anterior border 
of the choanse which are horizontal and extending slightly beyond the 
hinder border of the latter Uower jaw with a small median and two 
lateral median tooth-like prominences. Tongue very small, without 
a papilla 

Head somewhat elongated, convex, longer than broad ; snout acutely 
pointed, truncated projecting beyond the mouth, twice as long as the dia- 
meter of the eye, with a triangular or diamond-shaped pit on the terminal 
dorsal aspect Behind this rostral pit there are two oval elevations with a 
median transverse groove and both separated from a similar elevation be¬ 
tween the eyes These elevations look not unlike the cephalic shields of 
the Saurian* , behind the tip of the snout there is a pit on each side, separat¬ 
ed by a ventral bar from the loreal region which is almost horizontal and 
concave , canthos rostralis obtuse , nostrils nearer to the snout than to the 
eye , distance between the nostrils equal to the mterorbital width, tympa¬ 
num slightly smaller than the eye, the latter is twice the distance between 
it and the former and this distance is equal to the upper eyelid 

Fingers moderate, obtuse without discs , first finger equal to the second, 
about | m the length of the snout, third as long as the snout, the fourth 
longer than the first or second and is equal to the arm Subarticular 
tubercles conical, moderate 

Hind limbs rather long, slender, tibio-tarsal articulation reaching the 
nostril, heels very slightly overlapping when the legs are folded at right 
angles to the axis of the body, thigh nearly twice its width, tibia three 
times its width, but considerably less than half the total length of .the body 
and slightly shorter than the third toe equal to the fifth, toes pointed, 
web not extending to the tip of the first phalangeal bone, rather stopping 
at the base, outer metatarsals not united, separated by web, inner meta¬ 
tarsal tubercle about \ the diameter of the eye, a small rounded outer 
metatarsal tubercle at the base of the fourth toe; subarticular tubercles 
small, inconspicuous 

Upper surface of the skin slightly granulate, with short interrupted 
longitudinal folds with a few tubercles, curved temporal fold is present, 
in preserved specimens, the abdomen is thrown mto fine transverse folds; 
throat, abdomen and undersurface of the thighs free from granulation. 
No dorso-lateral glandular fold. A fl-shaped mark found on the back behind 
the shoulders 

Above chocolate red. sides darker, fore arm and tarsus faintly barred ; 
throat and chest yellowish, abdomen brown, the under surface of the thighs 
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pale orange ; upper lip with vertical bands, two of which enter the eye , the 
tower Up with dark and white spots or bars 


Snout to vent ,. .. 30 • 00 

Tympanum .. .. 2 60 

Bye .3 00 

Distance between eye and 
tympanum .. .. 1 60 

Hoad . . • . 10 50 

Width of head . 8-76 

Snout o 00 

From nostril to snout . 2 26 
From eye to nostril 3 00 

Interorbital width 3 75 

Upper eyelid .. 1 50 

Fore arm . . 0 50 

Arm 6 00 

First finger . 4 00 

Second finger .. 4 00 

Habitat —Wattekole, Coorg, S India 


Third finger . .. 6 00 

Fourth finger . . 6 00 

Thigh .. . 10 50 

Width of thigh .. 5 00 

Tibia . . 1200 

Width of tibia .4 00 

Tarsus • 0 00 

Width of tarsus . 3 00 

Inner metatarsal tnbcrcle.. 1 60 
First toe . 4 00 

Second toe . 8 00 

Third toe . .. 11 00 

Fourth toe 15 00 

Fifth toe . 10 00 

Outer metatarsal tubercle 0 75 


A number of specimens of all ages 
Type —Central College, Bangalore 

Snb-Genus Discodei.es. 


Raw UnuiUngua n sp 

Vomerine teeth m short, transverse or slightly oblique senes, arising 
separately from the choanse, almost on a level with the posterior border of 
the latter, the space between the rows exceeds the distance between the 
teeth and the choanse , tongue very thin, small, the posterior notch sometimes 
very broad, a sniaU conical retractile papilla in the middle ; the lower jaw is 
covered by the upper throughout and the maxillary teeth are large, without 
tooth-like prominence on the lower jaw 

Head broadly convex, slightly wider than long; snout obtuse projecting 
beyond the mouth, as long as or slightly longer than the eye, canthus ros- 
traUs obtuse ; loreat region oblique concave , nostiil nearer to the tip of the 
snout than tl*e eye ; interorbital width more than twice the distance between 
the nostrils tad is equal to the upper eyelid , tympanum f m the diameter 
of the eye -and twice the distance between it and the latter, the fronto¬ 
parietal region is excavated into a flash-like depression, occasionally traversed 
by a median groove and this area is further separated by a transverse groove 
from the region where the fold of skin is elevated into scale-like patches 
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separated by a median groove corresponding with the bony sutures. The 
na«al “scales” are divided from the premaxillary area bv a transverse groove, 
with a ndge of skin in front, connecting the nostrils The markings on the 
head are exactly like those of Rana saunceps but without the rostral pit 

fingers are short, tips dilated into truncated discs which are broader 
than long , the groove in front of the discs is either absent or faintly marked 
in some , first finger as long as or very slightly longer than the second , third 
slightly longer than the snout, suharticidar tubercles very faintly visisble 

Hind limb long, tibio-tarsal articulation reaching nostril or tip of snout, 
the heels strongly overlap when the limbs are folded at right angles to the 
body , tibia about 5 times as long as broad , thigh halt in the length of the bod> 
from snout to vent and longer than the fore limb, toes rather short, discs 
truncated, broader than long, the groove indistinct, web extending to nearly 
three-fourths of the first phalanx of fourth toe and sec ond of fifth and third , 
web not extending to the base of the outer metatarsals , subarticulaT tubercles 
inconspicuous, inner metatarsal tubercle feebly developed, a very small 
outer metatarsal tubercle at the base of the fourth toe Phalanges T-shaped 
Upjier surface of skin with a series of interrupted fine folds, about 6 to 
7 longitudinal senes can be made out, throat and chest and undersurface of 
thighs smooth, abdomen finelv granulate No temporal fold 

Pale brown above , sides darker, upper surface of snout white ; a 
dark band from the tip of the snout extending through the loreal region, 
and be low the eyes, surrounds the tympanum, a short dark band from the 
tympanum to the shoulder, lower jaw with dark and white longitudinal 
bars, fore arm and fingers and hind limbs barred , throat pale yellow , 
abdomen white, undersurface of thigbs reddish 


Measurements 


From snont to vent 23 00 

Tympanum 2 00 

Bye . 3 00 

Distance between tympa¬ 
num and eye 1 00 

Snout • 3 50 

Distance between eye and 

nostril 2 25 

Distance between nostril and 

snout . 1 25 

Distance between nostrils . 2 75 

Distance between eyes . 3 00 

Upper eyelid .. . 1 25 


mm 

First finger , 2 25 

Second finger . 2 00 

Third finger . .. 4 00 

Fourth finger .. . 2 50 

Thigh .. 11 00 

Width of thigh . .. 3 50 

Tibia .. . . 13 50 

Width of tibia 2 50 

Tarsus . 7 

Width of tarsus .. 1 

Inner metatarsal tubercle . 1 

First toe . 2 

Second toe .. .8 


SSSSS 
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Head 

Width of head 
Fore limb i Arm 
Fore arm 


mm. 
9 oo 
9 25 
1 75 
4 75 


Third too 
Fourth toe 
Fifth toe 


Outer metatarsal tubercle 


Habitat --Ketnphole Ghats, Hassaii, Mysore, South India 
Type —Central College, Bangalore 

Gems NYCTIBATRACHUS 


7 50 
12 0 
7 00 


Nycttbalrachus syliatieus, n sp 

Vomerine teeth tn two oblique rows, short series set well behind the 


clioanae 

Head as long as broad or slightly longer, depressed, projecting beyond 
the mouth Snout not longer than the diameter of the e\c Inter-orbital 
space equals the width of the upper eyelid Ryes lateral Distance bctu een 
the eye and the nostril equals 2j times the mternarul width Tympanum 
partially or completely hidden Supra tvmpamc fold present Habit not 
stout Canthtis rostrahs angular, well marked Dorenl rtgion concme, 
oblique Fingers dilated into small discs First finger shorter than second 
Third longer than snout Subarticular tuborcules moderately large, not very 
prominent 

Hind limbs long The tibio-tarsal articulation reaching the posterior 
angle of the eye Heels touch when the limbs are folded at right angles to 
the body Thigh more *han 1J times longer than its width and 
tibia more than three times its width, and less than half in the length of 
the body Toes with tips swollen into snail dis< s, more than lialf-wt bbed 
Sub-artieular tubercles moderately developed Inner metatarsal tubercle 
elongate, spade-like, more than half the length of the first-toe, connected 
by web to the base of the first to' No outer metatarsal tubercle 

Skin above with tubercles and short glandular folds Thighs free 
Tibia, tarsus and fifth toe distinctly granular Arms feebly granular Dower 
surface including the limbs perfectly smooth 

Brown above Both limbs with faint cross bars Ventral surface includ¬ 
ing the limbs whitish Dower jaw with feeble white bars oil a pale back¬ 


ground of brown 

Measurement!*. 

mm mra - 

Diameter of the eye 4 00 Fourth finger - « 75 

Snout .. .. 6 00 Thigh . . 17 75 

Interorbita! space .. 4 • 00 Thigh thickness .. . 10 00 

Upper eyelid . .. 4 • 00 Shank . .. . 19 00 
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Intemarial width 

mm, 

2.00 

Shank thickness .. 

860 

Distance between eye and 
nostril 

0-00 

Tarsus .. 

Tarsus thickness .. 

11 00 
3*50 

Arm 

8 78 

First toe 

6 00 

Aim thickness 

3 60 

Second toe 

8-00 

Fore arm 

8 76 

Third toe 

12 00 

Fore arm thickness 

4-00 

Fourth toe 

17 00 

First finger 

S 00 

Fifth toe 

12 00 

Second finger 

0 00 

Inner metatarsal tubercle .. 

2 76 

Third finger 

8 00 

Total length 

42 00 

Habitat —Forests of Kempholey, Saklespur, Hassan, Mysore 



Type —Central College, Bangalore 

Remarks —There are three species of Nydibairachus known, vt :, 
N pygamaus.N major and N sanctipalustns, 6f which we have a fairly good 
collection The new species differs from the known forms in certain funda¬ 
mental respects and might even appear as a connecting link withi?a»a 
For instance, the tympanum is only partially hidden, the eyes are laterally 
directed and the body is not stout and a canthus rostralis is present With 
the exception of these characteristics, its resemblance to the other species 
of Nyctibatrachus is fairly Intimate, The configuration of the body and 
limb 3 of this species may perhaps be an expression of convergence towards 
the Ixalus type, evoked by the peculiar mode of life and the character of 
the surroundings 

Genus NannobatbaCHus 

According to Boulenger this genus is distinguished from Nannophrys by 
the character of the pupil which i9 vertical m Nannobatrachus and hori¬ 
zontal in Nannophrys To this difference he adds a few other factors which 
make the two genera sufficiently distinctive The species with which the 
following notes deal, possesses a horizontal pupil more or less red even in the 
preserved state and agrees with the other characteristics of Nannobairachus. 
The pupil of the eye in the living specimen bears no resemblance to it* 
shape in the preserved forms, undergoing some amount of distortion on 
account of contraction. This is rather an uncertain character for the pur¬ 
pose of differentiating genera, and even as a specific character it is not reli¬ 
able No importance is attached to this character in these notes I have 
not examined Nannophrys and am therefore unable to suggest how far we 
may depend upon characters like the outer metatarsals being united at the 
base or separated by grooves for separating Nannophrys from Nannobatra- 
Boulenger has described only two species of the former and one of 
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the litter and for purposes of the example described below, I shall adopt 
bis classification 

Nannobatrachus kempholtyensts, n sp 

Pupil red, horizontal, habit fairly stout, toad-like Vomenne teeth in 
two short series almost transverse arising from the anterior border of the 
choaiwe, with a wide gap between, which is nearly twice as wide as the series 
of the teeth Tongue moderate, nicked deeply behind, bearing in front 
a large spherical elevation, clearly marked off from the rest of the tongue 
and surrounded by a pit, whether a retractile papilla is present is doubtful, 
flower jaw without a tooth-like projection 

Head flat, wider than longer, snout rounded, scarcely projecting beyond 
the mouth, as long as the Interorbital width or twice the diameter of the 
eye ; canthus rostrails indistinct, loreal region either nearly vertical or slightly 
oblique, concave in the latter case, nostril equidistant between the eye and 
the tip of the snout, distance between the nostrils f in the mtcrorbital 
width, upper eyelid equal to the distance between the nostrils or the 
diameter of the eye , tympanum indistinct or absent 

Fingers rather small, first obtuse, second, third and fourth with ends 
dilated at the tip 3 into spherical balls not very distinct from the ultimate 
phalangeal bone ; first finger slightly smaller than the second , subarticular 
tubercles distinct on the third and the fourth fingers only 

Hind limb short, the tibio-tarsal articulation not reaching quite the eye 
but only its posterior border, the heels do not meet when the limbs are folded 
at right angles to the body, thigh as long as the fourth toe and less than 
twice its own length, tibia more than twice the length of the snout and 
slightly exceeds the width of the head , tarsus quite as long as the thigh 
and more than twice its own width, tips of toes dilated into small discs, 
not distinct on the first, discs as long as broad, second toe verv slightly 
exceeds the length of the first; subarticular tubercles indistinct, inner 
metatarsal tubercle very minute and the outer at the base of the fourth toe 
still more minute; no rudiment of web No tarsal fold Outer metatarsals 
separated by grooves 

Skin smooth or slightly granulate behind the eyes and shoulders ; no 
folds on the back or sides in the living forms (preserved specimens show 
them on the sides due to shrinkage), a short temporal fold only occasionally 
present on one side and in that case extending beyorfd the shoulder Abdo¬ 
men and lower surface of thighs finely granulate 
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Upper parts of the body and limbs deep bronze or black uniformly ; 
in the males throat is yellowish, in the females the throat and abdomen 
and undersurface of thighs very finely marbled , hand white ; foot darker; 
the red eyes in the living forms are very bright and conspicuous 

Males with internal vocal sacs united into a comparatively large struc¬ 
ture extending to the breast 

Omostcmum and sternum cartilaginous and slender terminal phalangeal 
bones of toes slightly expanded , nasal bones relatively wide, separated from 
one another and from the fronto-panetals by narrow grooves 
Measurrmbnts. 


Snout to vent 

18 00 

First finger 

mm 

.. 1 60 

Head 

0 00 

Second finger 

.. 2 00 

Width of head 

7 00 

Third finger 

. 3 50 

Snout . 

3 00 

Fourth finger 

.. 3 00 

Distance between nostrils 


Thigh .. 

.. 500 

and tip of snout 

1 50 

Tibia 

7 75 

Distance between eye and 


Width of thigh .. 

3 00 

tip of snout 

1 50 

Width of tibia .. 

. 2 00 

Internasal width 

2 00 

Tarsus 

. 5 00 

Interorbital width 

3 00 

Width of tarsus . 

.. 2 00 

Tympanum 


First toe 

.. 1 50 

Kye 

2 00 

Second toe 

. 1 75 

Upper eyelid 

2 00 

Third toe 

. 300 

Toro limb Fore arin 

4 50 

Fourth toe 

.. 5 00 

Arm 

3 00 

Fifth toe 

.. 4 00 


Hab^at —Hills of Kempboley Ghats, Hassan, Mysore, S India 
Four sjiecimens 

Type .—Central College, Bangalore 

The frogs were found under the rocks near waterfalls and they are 
incapable of burrowing Nothing is known about their breeding habits 
This sprues may be distinguished from N beddomtt thus — 

1 Tibio-tarsal articulation reaching the tip of the 
snout or not quite so far; limbs barred, white 
below immaculate, tongue without an elevat¬ 
ed button-like structure in front .. . N beddomtt 

i Tibio-tarsal not reaching the eye, limbs with¬ 
out bars, beneath finely marbled; tongue 
with a button-like structure m front . N hmphoteyensis 






Oh Sonu Ntw Forms of Boirachia from S. Indus 40i 

Genus BUFO. 

Bufo brmrostrit, n sp. 

Crown without bony ridge* Habit stout. Head perfectly flat, broader 
than long; snout rounded, not projecting bevond the mouth, as long as 
tb$ eye; cantbus rostralis angular; loreal region horizontal, broadly 
concave, nostril nearer to the end of the snout than to the eye, distance 
between the nostrils 1 In the distance between the eyes , uppeT eyelid 
slightly shorter than the interorbital width, tympanum small, fully 
developed, | the diameter of the eye, distance between the eve and the 
tympanum j the diameter of the latter or i the diameter of the former 

Fore limb very short; fingers short, rather slightly swollen at the 
extremity; first equal to the second , third as long as the arm and fourth 
not longer than the first or the second ; subarticular tubercles feebly 
developed. The tubercle at the base of the third finger is much larger than 
that at the base of the first. 

parotoids elongate, moderately prominent, as long as the arm, slightly 
more than twice its own width 

Hind limb short, the tibio-tarsal articulation not reaching the shoulder, 
the heels just touch when the limbs are folded at right angles to the body, 
thigh nearly as long as wide ; tibia about 2| as long as broad and 1J times 
longer than the tarsus ; toes very short, tips rather obtuse, entirely free , 
subarticular tubercles not prominent, inner metatarsal tubercle about j m 
the length of the first toe , the outer much smaller situated at the base of 
the fifth toe 

Upper surface of the skin covered with small uniformly distributed 
tubercles; with a small row of larger warts on, the median line of the back, 
the first pair being the largest; throat and abdomen with spiny granules 
which are more prominent on the limbs A dark temporal line extending 
to the sides. 

Pale brown above, with a network of dark lines, sides lighter with 
s imilar marbling, ventral surface dirty white with dark blotches; under¬ 
surface of thighs white. 

MKlSUKXXBim. 


Snout, to vent ., .. 27 • 00 

Bye .. 3 00 

Tympanum •. .. 2 00 

ParotokU .. I'M 

Width of Parotoids .. 2 00 


mm. 

Pore arm .. . * 7 • 00 

First finger . . 3-00 

fleoond finger .. . 3*00 

Third finger .. .. 4 60 

Fourth finger .. 3-00 
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mm. 

Head .. . 8 00 Thigh 

Width of head . 9 00 Width ot thigh 

Snout .. . 3 00 Tibia 

Interorbital width 3 00 Width of tibia 

Upper eyelid .. . 2 50 Tarsus 

Distance between eye and Width of tarans .. 

tympanum . 1 00 Inner metatarsal tuborclo 

Distance between eye and Outer metatanjal tubercle 

nostril .. .. 2 00 First toe 

Distance between eye and Second toe 

snout 1-00 Third toe 

Distance betwoen nostrils . 2 00 Fourth toe 

Arm 4 50 Fifth toe 

Habitat — Kemplioley, Hasson District. Mysore State 
A single specimen 
Type —Central College, Bangalore 

Genus PHTLAUTUS 


mm. 

500 

800 
3 00 
6 00 
2-25 
1 00 

300 
400 
5 75 
8 00 
5 00 


Dr Malcolm Smith in describing some specimens of Phtlautus ( Ixalus) 
from the Malay Peninsula observes that “ it is now generally recognised that 
the presence or absence of vomerine teeth can no longer be regarded as a 
character of generic distinction Although fully accepting this principle, 
I am not in agreement with those authors who have hastily sunk all the 
species of Phtlautus under Rhacophorus That some forms of Phtlautus 
should be placed under Rhacophorus is no doubt correct, but the distinctive 
habit of many other species, suggests that characters will yet be found to 
retain them apart from Rhacophorus Until a proper revision of the whole 
group is taken, I prefer to retain the two genera as defined by Boulengcr." 
Now the revision was undertaken by my colleague Mr L S Ramaswami 
who in reviewing the osteology of the two genera, comes to the conclusion 
that " after a perusal of the characters enumerated in the rfaumi (which 
embraces 21 points) it will be noticed that Rhacophorus and Phtlautus 
agree with each other in seven of the minor features referred to above 
It is, therefore, expedient at the present state of our knowledge to treat 
Rhacophorus and Phtlautus as two independent genera.” I have myself 
examined the morphological characters of the several forms of both genera 
and I have no hesitation in accepting the conclusion of Mr Ramaswami that 
Rhacophorus and Phtlautus should be treated as separate genera which is 
in accordance with the suggesnon of Dt Malcolm Smith, But I am not 
quite sure if the diagnostic features given by Boulenger of Phtlautus are 
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adequate and whether they do not overlap with those of Mtcrtxalus Omitting 
the common features, the only characters in the definition of the two genera, 
as given by Boulenger, separating them are the presence (Phtlautus) or 
absence (Mtcrtxalus) of an intercalary ossification between the penultimate 
and distal phalanges and the latter being obtuse in Phtlautus and T-shaped 
in Mtcrtxalus In other respects the differences do not seem so 
fundamental as to justify the retention of the two genera as distinct entities 
and the forms of Mtcrtxalus in our collection are too few to suggest the 
fusion of Phtlautus and Mtcrtxalus If the behaviour patterns of the Batra- 
chians afford an indication, as is assumed by Noble, of phyletic relationships, 
then nothing can be easier than to bring Mtcrtxalus under Phtlautus, for 
our observations on the breeding habits and on the larval forms of the 
members of these two genera point to a close agreement But we know 
that arguments based on this correspondence may be used as a factor only 
in emphasising the evidence derived from other sources, but they alone can¬ 
not constitute a testimony sufficient to favour the merging of one genus into 
another In this paper I retain the generic rank of Phtlautus and Mtcrtxalus 

Phtlautus chartvs, n sp 

Vomerine teeth none Papillae on the tongue absent 

Snout acutely pointed as long as the diameter of the eye Canthus 
rostralis distinct Doreal region concave, strongly obliquely disposed Nos¬ 
trils nearer to the tip of the snout than to the eye Distance between eye 
and nostrils equals half the interorbital width Interorbital space twice as 
broad as the upper eyelid and broader than the diameter of the eye Tym¬ 
panum distinct, about one-third the diameter of the eye, and separated from 
it by half its own diameter. Internarial width half the interorbital space, 
equals the distance between the eye and the nostril Fingers not long; 
tips provided with discs with a narrow crescentic groove separating the 
dorsal and ventral portions First finger smaller than the second, slightly 
less than half the length of the third Subarticular tubercles moderately 
developed 

Hind limbs long, the tibio-tarsal articulation reaches the nostnl, the 
heels touch when the limbs are folded at right angles tp the body. Thigh 
less than half in the total length of the body. Tibia nearly as long as the thigh, 
and more than three times as long as broad Metatarsus considerably mpre 
than half the length of the tibia Toes rather short, tips dilated into disc*, 
one-third to half-webbed Metatarsals united Subarticular tubercle* 
feebly developed, a very minute inner metatarsal tubercle present No 
tarsal fold. 
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Upper surface of the skin finely granulate, the granules confined to 
the dark median portion, sides smooth Granules occur on the upper eyelid 
and on the dorsal portion of the snout. No dorso-lateral glandular fold. 
Throat smooth, chest and abdomen finely granulate. A supra temporal 
fold present. 

Upper surface of the snout and sides of the body bright yellow (pale in 
spirit). A dark hour glass-shaped mark starting between the eyes and cover¬ 
ing the hinder half of the eyelid, occupies the back extending nearly to the 
vent A conspicuous chevron-shaped dark marking on the vent Canthus 
and loreal region and upper jaw dark brown. Lower jaw with white and dark 
dots and vertical lines Between the eye and the shoulder a deep black mark, 
covering the tympanum, the lower border of which bears a white crescentic 
line Fore arm banded Third and fourth fingers bear dark stnpes and the 
upper surface of the discs of these digits having dots Upper surface of thighs 
with cross bars, the posterior border bronzed with faint white spots Tibia 
with stripes, which are inconspicuous on the metatarsus Heel bears a 
dark block spot, from which a dark line runs down to more than half the 
distance of the last two toes, whose upper surface is striped and the top of 
the discs of all toes faintly dotted The throat, belly and undersurface of 
thighs and arms white 

This specimen of Philauius is named after my colleague Mr. B. R. 
Seshachai who has collected a large number of South Indian Batrachians. 

Micas URKMEHTs. 

From snout to vent .. 23 00 Width of fore arm 

Diameter of the eye . 3 00 First finger 

Upper eyelid .. 2 00 Second finger 

Interorbital space .. i 00 Third finger 

Distance between eye and Fourth ftoger 

nostril 2 00 Thigh .. 

Intemarial distance .. 2 • 00 Width of thigh .. 

Tympanum .. 1 00 Tfbiurn .. 

Distance between eye and Width of tibiuin .. 

tympanum .. ., 0 60 Metatarsus , • 

Head .. .. 8 50 Width of metatarsus 

Width of head . 9 00 First toe 

Snout .. .. . 3 • 50 Second toe 

Arm .. .. • 4 00 Third toe 

Width of arm .. 1-60 Fourth toe 

Fore arm 5 00 Fifth toe 
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Locality — Kottigehar, Kadur. 
type .—Central College, Bangalore 

‘ PhUautus elegans, n sp 

Vomerine teeth none A small papilla on the anterior portion of 
the tongue, retracted into the sheath. Head flat, longer than broad Snout 
elongate, sharply rounded anteriorly, bevelled, projecting beyond the 
mouth. Canthus rostralis distinct, strongly angular Loreal region concave, 
horizontal. Nostrils nearer to the eye than the snout Distance between 
the nostrils slightly more than the interorbital space Upper eyelid equals 
or slightly less than the interorbital space. Tympanun distinct, half 
the diameter of the eye. closely touching it 

First finger slightly shorter than the second, third longer than the 
snout Subarticular tubercles fully developed. A shallow groove separates 
the dorsal and ventral portions of the discs 

Hind limb rather moderately long, the tibio-tarsal articulation reaching 
the eye Heels touch each other when the limbs are folded at right 
angles to the body Thigh two and a half times as long as broad and less 
than half the length of the body Tibium slightly longer than thigh and is 
Just half the length of the body and slightly less than three times its 
breadth Metatarsus about three times as long as broad Toes rather short, 
end m discs, about less than half-webbed Outer metatarsals united at the 
base, bearing an outer fold of skin Subarticular tubercles feebly developed 
A small outer metatarsal tubercle 

Skin with minute wart-hke tubercles disposed longitudinally on the 
back, or perfectly smooth A supra-tempotal fold absent Dorso-lateral 
glandular fold, feebly developed, extending from the posterior angle of the 
eye to the groin The two are separaced by a space nearly J in length of 
the body Lower parts pf the limbs and body smooth Small glandular 
swellings behind the jaws and in front of shoulder 

Crimson above. A concave dark streak between the eyelids Sides of 
body commencing from behind the eyes black Tympanum red. Loreal 
region faintly bronzed. The posterior border of upper jaw white Lower 
jaw with a few black dots. Posterior border of the fore arm vermiculated 
Posterior limbs with dark bands Posterior border of thighs with, white 
spots on a black background. The cross bars extend to the metatarsus 
Last two toes with dark bands. Upper surface of discs dark. Throat and 
chest marbled. belly yellow (white in spirit) Thighs pinkish 
This is the prettiest specimen in the collection. 
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Kbasueementb. 


nun 


From knout to vent 23 0 

Head .. .. . » 00 

Width of head 7 00 

Diameter of the eye 3 00 

Upper eyelid • 2 00 

Interorbital gpaee 2 50 

Snout . . 3 76 

Distance between eyo and 

nostril 2 00 

Intomanal width 2 75 

Tympanum 1 50 

Distance between tympa¬ 
num and eye . Hil 

Arm • 0 00 

Width of the arm . 1 75 

Fore arm .. 6 00 


Localtiy —Keraphotey, Hassan 
Type —Central College, Bangalore 


mm. 

Width of fore arm t . 1-75 

First Anger .. 3-00 

Second Anger .. .. 3 50 

Third Anger . 4-75 

Fourth Anger .. 3-60 

Thigh . • 10 00 

Width of thigh .. .. 4 00 

Tiblnm . .. 11 50 

Width of tiblum .. 3 00 

Metatarsus .. « 00 

Width of metatarsus 2 • 00 

First, toe 4 00 

Second toe 5-00 

Third toe . 7-00 

Fourth toe . 9 00 

Fifth toe .. 7 00 


Phtlaulus kottigeharensis, n sp. 

Vomerine teeth none Tongue with a papilla, the sac with tumid lips 

Head depressed Upper surface oi the snout deeply concave, bounded 
by ndges anteriorly and laterally Tip of snout acutely pointed, broader 
truncated, and projecting bevond the mouth Snout longer than the eye 
Canthus rostralis prominent and angular Boreal region concave, oblique, 
becoming continuous with the suborbital grooves. Nostrils prominent, 
equidistant between tip of snout and eye Internanal width equals the 
diameter of the eye Interorbital width less than the upper eyelid 
Tympanum fairly distinct, about half the diameter of the eye, which it 
closely touches 

Fingers tipped with large discs, about twice as broad as the penultimate 
phalangeal segment First finger slightly longer than the second and the 
third very slightly longer than the snout All the fingers are free Subarti- 
cular tubercles feebly developed. 

Hind hmbs long. Thigh more than twice as long as broad and as long 
as the tibium Tibio-tarsal articulation reaches tip of the snout Metatarsus 
longer than arm and more than twice as long as broad Toes rather short, 
tip ending in discs, web extending to the discs, Outer metatarsals united 
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at the base or separate Subarticular tubercles feebly developed, a very 
minute inner metatarsal tubercle 

Upper surface of body with minute tubercles, a supra-temporal fold 
and dorso-lateral folds are present The latter commence well bchmd the 
eyes, and are separated from each other by a distance less than 1/S in the 
total length of the body Deep suborbital grooves confluent with the loreal 
region present, Undersurface of body and thighs smooth 

Uniform deep bronze above and sides of head, body and limbs, lund 
limbs and fore arms barred by deeper stripes Discs of fingers and toes dark 
on both surfaces Web dark, and the folded toes produce a characteristic 
deep black colour Lower jaw and throat bronzed—the dark colour extending 
sometimes to the chest and the anterior division of the abdomen, or the 
latter two regions may be bright orange, ventral undersurface of thighs red, 
the posterior border feebly marbled Sides of body jellowlsh or whitish 
Measurements 


From snout to vent 
Head . 

Width of head 

Snout 

Eye 

Upper eyelid . 
Interorbital space 
Tympanum 

Distance between tympa¬ 
num and eyo 

Distance between eyo and 
nostnl 

Internanal distance 
Arm 

Width of arm 
Fore arm 


mm, 
23 00 
8 00 
0 00 
4.00 
3 00 
2 00 
2-00 
l 50 

Nil 


3 00 
7 00 
2 00 
5 00 


Locality —Kottigehar, Kadur 
Type —Central College, Bangalore 


Width of for© arm 
First linger 
Second finger 
Third finger 
Fourth finger 
Thigh . 

Width of thigh . 
Tibium 

Width of tlbium . 
Metatarsus 
Width of metatarsus 
First toe 
Second toe 
Third toe 
Fourth toe 
Fifth toe 


mm 
2 00 
3 00 

3 50 

4 75 
4 00 

15 00 

4 50 
15 00 

300 
8 00 

2 25 

3 25 

5 00 

7 75 
XI 00 

8 00 


Phtlauius swamtanus, a sp 

Vomerine teeth none. Tongue large, bifid behind, a conical papillae 
nearer to the anterior end, retractile sheath an elongated slit 

Head perfectly flat, depressed, snout pointed, projecting beyond the 
mouth, longer than the eye Canthus rosttalis prominent, angular Loreal 
region concave, horizontal, separated from the narrow suborbital or upper 
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nanal groove. Nostrils prominent, about midway between the eye and the 
tip of the snout, Distance between nostrils very slightly less than inter¬ 
orbital space, equals diameter of the eye. Iaterorbital space wider than the 
upper eyelid, and exceeds the eye by a narrow margin Tympanum half 
hidden, and about half the diameter of the eye from it is separated by a 
a distance less than its width. 

Tips of fingers with discs, nearly twice as broad os the penultimate 
phalangeal segment There is no groove separtaing the dorsal and ventral 
portions of the discs First finger shorter than the second, the former about 
the diameter of the eye. The third slightly exceeds the length of the snout. 
Subarticular tubercles feebly developed on the first and the second fingers 
and absent from the third and the fourth fingers 

Hind limb fairly long, the tibio-tarsal articulation reaching beyond the 
eye, heels overlap when the limbs are folded at right angles to the body. 
Hugh 21 times as long as broad and tibia about as long as thigh and slightly 
less than 3J times its width Toes rather short, web extending to the discs 
which are equal to twice the width of the penultimate phalangeal segment 
Subarticular tubercles poorly developed. A small inner conical metatarsal 
tubercle present Outer metatarsals separated at the base. No tarsal fold. 
Heels prominent 

Skin smooth above and also below Supra-temporal fold inconspicuous 
Darso-lateral folds occur, starting from behind the eyes and separated from 
jm rh other by a space equal to the interorbital width Folds may be 
interrupted, not quite reaching the groin In addition there are two fairly 
well-developed lateral folds, converging towards the vent, beginning from 
about the middle of the sides of the body. The two sets of folds may 
become continuous 

Upper surface of the body umfoxmally bluish, dark bronze in spirit. 
Loreal region and upper jaw lighter Thighs and tibia barred. Fore limbs 
without bands. On the sides of the body, com m e n ci n g from the eyes, are 
fine rows, two or three, of white glandular bodies which meet in front of the 
vent Throat pale buff, chest marbled, abdomen white Anterior portion 
of the ventral surface of thighs pinkish, the posterior vermiculated Under¬ 
surface of tarsus, foot and discs bronzed. 

I have named this species after my colleague Mr. U. S. Ranuuwami, 
whose contributions to our knowledge of the cranial morphology of the 
Anura of South India have been of invaluable assistance to me. 
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Prom snout to rent 29 00 

Head .. ,. 10 00 

Width of head .. . 3 00 

Bye .. .. •• 3-00 

Upper eyelid .. .. 2 00 

XoterorbiUl space .. 3 50 

Distance between eye and 
nostrils • 200 

Snout . .. 4 00 

Internarial space . 3 00 

Tympanum .. .. 1 50 

Distance between eye and 

tympanum . 1 00 

Arm .. 6 00 

Width of arm 2-00 

Fore arm .. 5 50 


Locality. —Kottigehar, Kadur 
Type —Central College, Bangalore 


mm. 

Width of fore arm 2 00 

First finger .. 3 00 

Second finger 3 50 

Third finger 5-00 

Fourth finger . .. 4 • 00 

Thigh . 15-00 

Width of the thigh 6-00 

Tibium . . 15 00 

Width of tibium 4 50 

Tarsus 6 00 

Width of metatarsus 2 25 

First toe .. 3 00 

Second toe 5 00 

Third toe . 6 60 

Fourth t-oe . 8 50 

Fifth too .. . 6 50 


Phtlauius mclanensis, n sp. 

No vomenne teeth Mouth large. Tongue comparatively small, a 
ahort conical papillae on the anterior half of the tongue Lower jaw with a 
small anterior median tooth-like prominence, with deep indents oil each 
side 

Head rather large, depressed nearly as broad as long, or only slightly 
longer. Snout blunt, rounded anteriorly, a little longer than the eye, 
projecting slightly beyond the mouth Canthus rostralis prominent, broad 
angular. Loreal region concave, nearly horizontal or slightly oblique, conti¬ 
nuous With the suborbital groove Diameter ot the eye equals the width 
of the upper eyelid Interorbital distance greater than the eye Nostrils 
nearer the tip of snout than the eye, intemariai space about half ox ouly 
slightly less than half the length of the snout. Tympanum distinct, about 
two-thirds in the diameter of the eye, which it almost touches or may be 
separated by a line- 

Fingers with discs which are about twice as broad as the penultimate 
phajangeul segment. A distinct crescentic groove separates the dorsal and 
ventral ports. First finger shorter than the second and the third twice as 
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long as the first or twice the diameter of the eye. Fourth finger equals or 
very slightly longer than the snout Subarticular tubercles well developed 
Hind limbs rather long, the tibio-tarsal articulation reaching the tip of 
the snout or beyond Heels overlap when the limbs are folded at right 
angles to the body Thigh less than four times its own width and is shorter 
than tibium Tibium more than four times its own width First three 
toes free, a rudimentary web at the base of the fourth and fifth toes Discs 
as broad as the penultimate phalangeal segment Subarticular tubercles 
poorly developed Outer metatarsals united at the base An inner meta¬ 
tarsal tubercle in an extremely rudimentary condition No outer metatarsal 
tubercle No tarsal and metatarsal folds 

Upper surface of skin with or without short longitudinal folds covered 
uniformly with fine white granules These granules extend to the thighs 
and sometimes to the tibia A supra-tympamc fold Throat, chest, belly 
and undersurface of limbs and toes covered with large tubercles 

Uniform black above Anterior limbs black Thighs and tibia either 
black or pale yellow with cross bars Ventral surface of body and thighs 
yellowish Undersurface of tibia and foot, black or bronze 
Measurements. 


From snout to vent 29 00 

Hoad . IS 00 

VVldth of head . 12 00 

Eye 3 00 

Upper eyelid . 3 00 

Interorbital space 5 00 

Distance between eye and 
nostril • 3 50 

Snout . 4 00 

Intemarial distance 2 50 

Tympanum 2 00 

Space between eye and 
tympanum . Nil 

Arm . . 8 00 

Width of arm .. .. 3 00 

Fore arm . 8 00 

Locality.— Kempholey, Hasson. 


Type —Central College, Bangalore 


Width of fore arm .. 3 00 

First, finger . 3 00 

Second finger . 4 00 

Third finger .. 0 00 

Fourth finger . .. 1 • 50 

Thigh .. 15 00 

Width of thigh .. i 00 

Tibium 17 • 00 

Width of tibium . 4 00 

Tarsus .. .. 9 00 

Width of tarsus . 3 00 

First toe .. 3-00 

Second toe .. 4-50 

Third too ., 8 00 

Fourth toe 12 00 

Fifth toe .. .. 8 25 
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Phtlautus naramensts, n sp 

No vomerine teeth, tongue small, thin, leaf-likc with a conical papilla, 
fetractile sheath slit-like Mouth rather small Choana broadly separated, 
situated at the extreme lateral margin 

Head depressed longer than broad, snont acutely pointed, the prenasal 
region acutely triangular viewed from above In front, the snout bears 
pits and grooves, the latter vertically disposed, the tip of snout looking like 
a prostomeal lobe Snout projects beyond the mouth, a conspicuous 
glandular mental pad Canthus restrains prominent, ridge-like and angular 
Loreal region concave, horizontal, confluent with the anterior rostral pits 
m front and suborbital groove behind Upper surface of the mternanal 
region concave, bounded anteriorly by a transverse bar of the prostomial 
lobe; eye 1J times the upper eyelid which equals the interorbital space 
Snout longer than the eye and the nostrils about midway between the eye 
and tip of the snout Internanal space wider than the interorbital width 
and equals the diameter of the eye Tympanum moderately distinct, about 
£ the diameter of the eye from which it is narrowly separated 

Fingers rather short with discs which are small on the first and the 
second, larger on the fourth which is twice as wide as the penultimate 
phalangeal segment First finger shorter than the second The fourth finger 
a little longer than the eye A single subarticular tubercle on the first 
finger, others nearly free Grooves of the discs not clear 

Hind limb rather long, the tibio-tarsal articulation reaching beyond the 
tip of the snout Heels overlap when the limbs are folded at right angles 
to the axis of the body Thigh more than three times as long as wide, 
tibia longer than the thigh and about 5 times as long as broad Toes rather 
short, discs small. Web extending upto the discs of first two toes, but 
stops at the base of the i>enultimate phalangeal bone of the fourth toe, 
and at the base of the phalangeal bone of the thud and the fifth Outer 
metatarsal free at base Subarticulat tubercle feebly developed No inner 
or outer metatarsal tubercle Heel not marked, no dermal appendage 
No tarsal and metatarsal folds 

Skin smooth above and below No supra-temporal fold The place of 
dorso-lateral folds Is taken by two short folds commencing from behind 
the eyes, terminate on the hack, a little behind the shoulder, about 1$ times 
as long as the snout, and separated from each other by a space eqdal to 
the interorbital width 

Brownish red above including the limbs The anterior border of the 
thighs and the upper part of tibia very feebly banded The posterior 
border of thighs and the inner border of tibia feebly vermiculated Throat 
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and chest buff coloured Belly dirty white. Lower surface of thighs and the 
tibia whitish 

Thu species is named after my colleague Hr A Narayana Rao, who 
has added considerably to our batrachian collection. 

Measurements 

mm. mm. 

From snout to vent . 29 00 Width of fore arm .. 2-00 

Head .. 10 00 First linger .. . 2-00 

Width of head .. 7 50 Second finger .. .. 3-25 

Diameter of the eye . 3 00 Third finger (Injured in both arms) 

Upper eyelid .. . 2 00 Fourth finger .. 3-50 

Xnterorbital space 2 00 Thigh . , 13 00 

Snout .. . 4 00 Width of thigh . .. 4 00 

Distance between eye and Tibiura .. . .. 15 00 

nostril 2 00 Width of tibium .. . 3-00 

Interaanal space . 3 00 Tarsus . .6-25 

Tympanum 1-50 Width of tarsus .. .. 2 00 

Dlatanoe between tympanum First toe . 3 00 

and eye . 0 50 Second toe . 5 00 

Arm .. • • . 7 00 Third toe .. 8 00 

Width of arm 2 00 Fourth too .. 10-75 

Fore arm .. .. 5 - 00 Fifth toe . . • 8 - 00 

Locality —Kottigeliar, Kadur 
Type —Central College, Bangalore. 

Phtlautm longterm, n sp. 

Vomerine teeth none Tongue without papilla. Choana laterally situated 
Head moderately depressed, ns long as broad Snout obtusely pointed, 
a little longer than the eye, scarcely projecting beyond the mouth Canthus 
rostmlis prominent Loreal region slightly concave and horuontal Nostrils 
midway between the eye and the tip of the snout Distance between the 
nostrils equals the diameter of the eye or the interorbital space Upper eye¬ 
lid about | m the interorbital space Tympanum distinct, about half the 
diameter of the eye, being separated from it very narrowly 

Fingers moderately developed Discs not broad, slightly wider than 
the terminal phalangeal segment First finger shorter than the second. 
Subarticular tubercles fairly well developed. Length of arm equals the 
length of the snout 

Hind limb very long The hbio-tarsal articulation reaching far beyond 
the tip of the snout Heels strongly overlap when the limbs are folded at 
right angles to the body. Tibium more than four times as long as broad 
and is longer than the thigh. Tips of toes dilated into discs, half-webbed. 
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Outer metatarsals united at the base A minute elongate inner metatarsal 
tubercle. SubartKrular tubercles fairly well-developed A faint outer meta¬ 
tarsal fold. No tarsal fold 

Upper surface of the skin with faint folds Sides with short glandular 
folds, serially arranged Minute tubercles occurring between the series, 
Ventral surface of body and thighs smooth Upper surface of snout pale 
grey—a dark band between the nostril and eye over canthus rostrahs 
Loreal and suborbital region yellow, extending as far behind as the angles 
of the mouth. A brown mark over the supra-tympanic fold Tympanum 
reddish Upper and lower jaw with dark vertical bands, the upper senes 
terminating just below the middle of the eye Interorbital space with 
a faint transverse band Upper surface of body olive brown Thighs with 
cross bars on the anterior border, the posterior border minutely marbled 
Tibium also barred antenoriy, but whitish posteriorly A dark line stretch¬ 
ing from heel to foot Lower surface of the body and thighs white 
Measurements. 

mm. mm 

Prom snout to vent ..20 00 Width of fore arm 3 00 

Head .. 8.50 First finger 2 75 

Width of head . .8 -50 Second finger . 3 00 

Snout . . . 4 00 Third finger 3 75 

Ey B .. .. . 3-00 Fourth finger ..260 

Upper eyelid .2 00 Thigh 10 00 

Interorbital tpaoe 3 00 Width of thigh .. 4 00 

Distance between eye and Tibium . 13 00 

nostril .. • 2 00 Width of tibiWn .. . 3 00 

Intoroarial distance . 3 00 Tarsus .. 0 25 

Tympanum . 1 50 Width of torsns .. .. 2 00 

Distance between tympanum First toe .. 2 00 

and eye .0-76 Second toe 4 00 

Ann , . 4 00 Third toe .. .. 0 00 

Width of arm .. .2 00 Fourth toe .. . 10 00 

Fore amt . 5 00 Fifth toe .. . 5 ■ 60 

Locakiy. —Kempholey, Bassan 
Type —Central College, Bangalore. 

Phtlautus monkmus, n sp 

Vomerine teeth absent, Tongue with a short papilla situated rather 
anteriority and in the spirit specimen retracted into a pit, strongly bifid. 

Head depressed as long as broad. Snout rounded, broadly truncate, 
not projecting beyond the month. Snout longer than the eye Canthus 
rostftli* vertical, lorefll region concave and horizontal Nostrils nearer to 




416 


C. R. Narayan Rao 


the tip of snout than to eye Internarial distance equals the space between 
the eye and the nostrils. Diameter of the eye equals the mtemrbital width 
and is more than twice the tympanum Upper eyelid less than Inter¬ 
orbital space Tympanum not prominent, about half the diameter of the 
eye from which it is separated by a narrow space 

Fingers moderately long, tips provided with discs bearing the groove 
separating the upper from the lower portion No web Discs small, smaller 
than the tympanum. First finger shorter than the second Third finger 
longer than the snout Subarticular tubercles moderately developed. 

Hind limb long; the tibio-tarsal articulation reaching the eye Heels 
do not overlap when the limbs are folded at right angles to the bodv Thigh 
more than three times its width, tibiura as long as the thigh and more than 
four times its own width Metatarsus equals or slightly longer than the third 
or fifth toe Toes not long, about two-thirds webbed Discs smaller than 
those of the fingers A small oval inner metatarsal tubercle present Base 
of toes united, outer metatarsal without a fold No outer metatarsal 
tubercle Subarticular tubercles moderately developed 

Skin smooth above Throat, chest and abdomen and undersurface of 
the arms and hand finely granulate A feebly developed snpra tympanic 
fold present A faintly V-shaped fold of skin on the occiput, commencing 
from the middle of the eyelids No dorso-lateral fold 

Bright red above in the living condition, brownish red m spirit, with or 
without white spots on the body Throat and upper part of chest brownish, 
speckled with white Rest of the ventral surface yellowish, the dark bands 
meeting on the anterior border of thighs give rise to ocellus-like spots when 
viewed ventrally A brown band between the eye-lids, faint in spirit 
Thighs barred, a single broad band on the shank Undersurface of hind 
limbs yellow with brown marbling 

Measurements. 


mm 

From snout to vent . 37 00 

Head .. . . 14 00 

Width of head . 14 00 

Internarial distance .. 3 00 

Distance between eye and 

nostirl . 3.00 

Bye .. 500 

Nostril .. 6 00 

Interorbital width . 5 00 

Upper eyelid .. 3-00 


mm 

Width of arm . .3-00 

Width of fore arm . 2 75 

First finger . .. 3 35 

Second finger . .. 4 50 

Third finger . • • 7-50 

Fourth finger . 6'26 

Thigh . ..17' 

Width of thigh . .. 6 

Shank .. .17 

Width of shank .. - .4- 


SSSS 
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mm mm. 

Tympanum . .. it 50 First toe . . 3 60 

Distance between tympanum Second toe 6 00 

and e ye ' 1 00 Third toe . 9 00 

Arm .. . 6 00 Fourth toe 12 00 

Fore arm 8 00 Fifth toe 9 00 


Locality —Hills of Kempholey, Hassan 
Type —Central College, Bangalore 

Family MICROHYLIDAE 
Ramanella minor, n sp 

Post-narial ridges strongly developed, obliquely set, meeting dorsally, 
with an extremely narrow ventral cleft. Anterior pharyngeal fold incon¬ 
spicuous Snout short, broadly truncated Distance between nostrils 
equals width of the upper eyehd Inrerorbital space nearly twice the width 
of the upper eyelid Diameter of the eye less than the length of the snout 
Canthus rostails obtuse Loreal region almost vertical Distance between 
eye and nostril equals the diameter of the eje 

Tibio-tarsal articulation touches middle of the body Toes entirely 
free, tips almost pointed Subarticular tubercles well-developed Inner 
metatarsal tubercle conical, moderately developed Outer metatarsal 
tubercle rounded, inconspicuous When the hind limbs are folded at right 
angles to the body, the heels touch 

Fingers with triangular dilations, nearly twice as broad as the penulti¬ 
mate joint 

Skin smooth above, slightly pustular on the sides A fold from the 
posterior angle of the eye to the shoulder No occipital fold Lower 
surface smooth. 

Upper surface of snout olive, with a median dark band, short not 
reaching the interorbital splice Sides of the snout dark which is continu¬ 
ous with the dark on the sides and ventral surface of the body. A dark spot 
between the eyes on the upper surface of the head A dark broad band on 
the dorsum, flanked by olive bands The Latter do not extend to the sides 
of the body The former stops at the coccvx, which is olive mottled, with 
dark irregular markings The anterior and posterior Jimbs entirely black, 
The ventral surface including the throat black The abdominal tegion and 
thighs bearing white spots. 
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JtausowBianns. 


Diameter of the eye .. 2 • 00 

Length of snout . . 2 75 

Distance between the 

nostrils . . 1 50 

Interorbltal width 
Distance between eye and 

nostril . . 2 00 

First tee . . 2 00 

Second toe . . 400 

Locality —Saklespur, Hassan 
rype —Central College, Bangalore 

Ramandla triangularis rufeventns, n var 

In the plantain gardens behind the houses in Saklespur, there is a small 
variety of R triangularis, occurring fairly in large numbers These are 
found in the whorls of the leaf stalks, and are mostly solitary This variety 
possesses the power of climbing smooth surfaces like R vantgata 

This variety differs from the R IrutnguLxris in two characteristics 
1 The snout is pointed, tips obliquely truncated, prominent 
8 Tibio-tarsal articulation stands well behind the shoulder. 

In regard to colour, almost every specimen in the collection bears an 
occipital dark band continuous at the sides with the tympanoloreal band 
This cross band may or may not be continuous with the dorso-median band. 
Even in the spirit specimens, the lower surface is reddish (in the living 
state, the red is bright and warm) which extends over the undersurface of 
the anterior and posterior limbs The ventral white spots are confined to 
the abdomen and the lower surface erf thighs. A short dark streak on the 
rostrum is always present The olive is replaced In this variety by grey. 
Limbs barred with dark red 

Ramandla triangularis of the plains is not met with in the Makiad areas 
and it is represented by this local variety which may be designated Rama- 
ndla triangularis rufmentris 

Length 22 mm. Specimens, Central College, Bangalore. 

Locality.— Mudigere, Kador, Saldespur, Hassan, 


Third toe .. .. 0-50 

Fourth toe .. .. 9>00 

Fifth toe .. .. « 00 

Thigh across the anterior 
border .. .* 700 

Thigh across the anterior 
border ventrally .. 9-00 

Shank .. 9-75 

Tarsus .. 5‘$0 
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Ramanella mormorata, n s]> 

Po.-st-choanal ndges transversely disposed, well developed, a btoad 
median gap between the two ndges The antenor pharyngeal ridge stronglv 
arched, the limbs dilated into thick lateral swellings The fimbriae of the 
posterior pharjngeal ndges not conspicuous Snout short, truncated, not 
prominent, as long as the diameter of the eye Canthus rostrahs rounded 
Loreal region oblique Rostrahs rounded Inter-orbital space much 
broader than the upper eyelid which equals the lnternsrial distance 

Fingeis with wide tnangular dilations, which are twice as large as the 
penultimate joints 

Toes ending obtusely, with a suspicion of a web at the base , sub-arti¬ 
cular tubercles moderately developed Inner metatarsal tubercle sliovel 
shaped Outer metatarsal tubercle well developed, conical, situated at the 
base of the fifth toe Tibio-tarsal articulation does not reach the shoulder, 
but stands well behind the axilla Heels stand apart when the hind limbs 
are flexed behind at right angles to the body Skin on the upper surface is 
warty in the young specimens, tubercles becoming confined to the posterior 
half of the body, sometimes extending to the dorsal surface of the hind 
limbs in the mature forms Lower surface perfectly smooth Supra 
tympanic fold inconspicuous. No occipital fold 

Immature specimens pale olive or pale reddish brown above Mature 
ma’es bright reddish brown above , mature females deep olive above A dark 
broad band between the eyes, sometimes involving the lids Snout bearing 
a triangular or V-shaped dark mark A broad angular dark band between 
the shoulders Behind this region, dark spots or irregular markings in¬ 
variably occur which may sometimes extend to the sides No lateral dark 
bands on the body Loreal region free Limbs bright yellow or deep olive 
green according to the sex The interior border of the arm bears a dark 
band Fore arm, hand, fingers, tlugh, shank, tarsus, foot and toes barred 
The crural band usually extending into the groin, may be reduced to a spot 
continuous with the prevailing colour of the upper surface Lower surface 
including the throat and the limbs beautifully marked in the male with 
vellow and reddish brown and in the female with dark blue and moss green 
Measurements 
mm 

Diameter of the eye 3 00 Thigh 

Distance between eye and Width of thigh 

nostril • 3 75 Shank . 

g nout , 3 00 Width of shank 

B6 
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Internarial distance . 2-00 Turiui . .. ..400 

Interorbital apace .. 3 78 Width ot tarsus .. .. 2 00 

Upper eyelid . 2 00 Width of foot 3‘00 

Upper ami 4 00 First toe .. 2 00 

Fore ami .. 6 00 Second toe . . 4 25 

First finger .. 2 50 Third toe . .. 0 00 

Second finger . .3-00 Fourth toe . .8 60 

Third finger . 6-00 Fifth toe . 6-00 

Fourth finger 4 26 Total length . ..25 00 

Locality. —Saklespur, Hassail District, Mysore 
Type —Central College, Bangalore 

Remarks — The specimens were found in the whorls of the plantain 
leaves They usually occur solitary. Occasionally two or tliree specimens 
may tie found together in the same cramped space 

Ramanella anamulaiensis, n sp. 

Fost-narial ridges incompletely developed, that on the right-side is 
absent Post-pharyngeal ridge fimbriated Snout broadly triangular, 
truncated Head depressed Diameter of the eye greater than the length 
of the snout Interorbital space twice the width of the upper eyelid 
Distance between the eye and noatnl equals width of upper eyelid Inter- 
narial distance slightly more than half the length of the snout Canthus 
rostrulis rounded Unreal region oblique Supra-tympanic fold present 
No occipital fold Tips of fingers truncated, not discoidal, about the same 
width as the penultimate joints Fore arm slightly longer than the third 
finger and twice as long as the first Toes perfectly free, ending ohtudelv 
Tlugh slightly shorter than the third toe, shank shorter than the fourth toe 
Shank more than twice as long as wide Inner metatarsal tubercle modera¬ 
tely developed, shovel shaped Outer obtusely conical placed between the 
bases of the fourth and fifth toes Sub-articular tubercles moderately 
developed Tibio-tarsal articulation Teaches the shoulder Heels do not 
touch when the legs are folded behind the vent at right angle* to the body 
Upper surface of the skin warty Tower surface smooth Bright 
olive above with a broad dark median band commencing from behind the 
occipital region and extending upto the coccygeal region, behind this band 
a few irregularly shaped black-markings Bewteen the eyes a squarish dark 
mark and on each upper eyelid a dark spot Upper surface of the snout 
olive I/areal region and sides of body reddish brown. Upper surface of 
arms olive blotched with brown, Fore arm reddish brown Upper surface of 
thighs and shanks reddish brown, throat and abdomen and lower surface 
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of limbs pale brown. A few indistinct white spots on the bellv 
and foot brown 

Mbasvbkmkntm 


Diameter of tho eye 
Snout .. 
fnterorbital space 
Upper oyelid 
Distance between nostrils 
Distance between eye and 
noetnl 
Ann 

Fore arm 
First finger 
Second finger 
Third finger 
Fourth finger 
Thigh • Length 
Width 


4 00 

3 00 

4 25 
2 00 

1 75 

2 00 
« 00 


7 50 
5 60 
7 25 
5 50 


Shank . Length 

Width . 

Tarsus Length . 

Width 

First too 
Second toe 
Third toe 
Fourth too 
Fifth toe 

Broadest, part of the foot 
(between 2nd and 5th 
toes) 

Total length 


Locality —Base of Anamalai Hills, Coimbatore District 
Type —Central College, Bangalore 


0 50 
4 00 
0 00 

3 00 
2 00 

4 50 
7 75 

110 
0 50 


t 00 
28 00 


Tadpoles 


Phtlautus leucothtncus 

These tadpoles are small Head and body rather narrowly oval 
Upper surface convex, ventral rather flat The snout is rounded and slopes 
down Diameter of the month smaller than the convex interorbital space, 
which is as wide as the internasal breadth Nostrils nearer to the eyes than 
to the tip of snout Eyes and nostrils dorso-htcral Spiracular tube short, 
not prominent Spiracular orifice directed upwards and backwards nearer 
to the eye than to the root of the hind limbs Mouth disc provided with 
upper and lower lips The, latter is notched in the middle Both lips and 
lateral lobate borders fringed with papillte The upper beak with a smooth 
border, the lower with u serrated margin No teeth The tail is long The 
upper hn commences far beyond the root of the tail, and is stringly arched 
The ventral fin commences well behind the dorsal and has a straight border 
The dorsal fin is deeper Tip of tail pointed The limbless forms have an 
yellow dorso-median area, which in the preorbital region becomes white 
Which is characteristic mark of the adult Sometimes a brown dorsal band 
Sides and belly blackish. Throat whitish, muscular part of the tail yellowish 
with black mirks. In tbe four-legged forms, the colour becomes uniformly 
B6* 
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rufous, the snout remaining whitish The dark dorsal band becomes more 
marked Anal tube dextral 

Measurements. 


Total length . .20 00 Breadth ofhody .. 5-50 

Length of head and body 9 00 Depth of body . . 4 00 

Length of tail . . 17 00 Dopth of tall .. .. 3 75 

Locality —Streams of Kempholey, Hassan 
Philautus hypomda'i 

These tadpoles have an elongated body, and are not large The head 
and body are elliptical Snout broadly rounded, mouth ventral Hind end 
of body more or less tapenng Both surfaces of body convex Mouth small, 
shorter than the mterorbital space Intemasa! width slightly greater than 
the mterorbital breadth Eyes and nostrils dorso-lateral Spiracle broad at 
the base, directed upwards, onfice dorso-latajal, nearer to the eye than to 
the root of the hind limb Mouth disc small, provided with well-developed 
upper and lower lips The latter multilobed The lower lip and the lobate 
sides are free from papillae which occur only on the upjier lip The inner 
border of the lower lip with a crenulatc edge The upper beak is smooth, 
the lower serrated No teeth The tail is well developed The upper fin 
begins well behind the root of the tail. Both fins are of equal depth and are 
broadly curved Tip of tail pointed Skin smooth Upper surface of the 
body purplish or reddish brown Preorbital region of the head transparent 
Throat whitish Belly black Muscular part of tail reddish, with black 
markings Vins grev Anal tube dextral 

Measurements 


Total length 32 -00 Breadth of Body 

Length of head and body 10 00 Depth of body 

Length of tail 23 -00 Depth of tail 

Locality —Streams of Kempholey, Hassan 


The tadpoles are not large The head and body rather elongated and 
narrowly oval Both surfaces are convex The snout is rounded, slopes 
downwards Dorso-median line grooved in some cases Mouth small, 
shorter than the mterorbital space which equals the inter nasal width 
Eves and nostrils dorso-lateral Latter nearer to the eyes than the tip of 
the snout Spiracle tubular, lateral pointing backwards Spiracular open¬ 
ing nearer to eyes than the root of the hind limbs. The mouth disc is 
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small Both lii« well developed Upper fringed with papillae Sides lobate, 
borders with more than one row of papilhe Lower lip provided with three 
lobes, covered with numerous papilla Upi*r beak broadly V-shaped with 
a serrated border No teeth The tail is long and powerfully developed 
The dorsal and ventral fins attain maximum depth in the posterior half of 
the tail The muscular portion broader The dorsal fin does not extend 
beyond the root of tail Tail pointed Anal tube dextral Skin smooth 
Upper surface bright \ ellow, with dark irregularly distributed dots, The 
muscular part of tail yellow with clusters of black spots, sometimes running 
together to form bands Under surface of body white Caudal fins grey 
Measurements 

mm mm. 

Total length . . 32 00 Oreatest width of body 11 00 

Length of head and body 12 00 Greatest depth of body 0 00 

Length of Tail 21 00 Greatest depth of tail 8 00 

Locality —Streams of Kempholey, Hassan 
Phtlautus pukher 

The tadjxdes are comparatively small Head and body narrowly oval, 
moderately flattened above and below In a few cases the upper surface 
is convex The snout is rounded, sloping downwards Diameter of the 
mouth about J in the mterorbital width, which is broader than the mter- 
orbital space Eyes dorso-lateral Nostrils point upwards, nearer to the 
eyes than to the tip of snout Spiracle distinctly tubular, directed upwards 
Spiracular orifice nearer to the eye than to the root of the hind limb. The 
mouth disc is small Upper Up not developed, but bears a lobe prouded 
with a double row of papillate border Sides lobate, lower lip multilobed, 
both bearing minute papilla The upper beak broadly crescentic with a 
smooth border, lower serrated Tail strongly developed Upper fin commences 
well behind the root of the tall, both fins are well developed and are of the 
same depth The upjter broadly arched, the lower being nearly straight 
Tip of tail pointed Skin smooth Upper surface of head and body slate 
coloured Undersurface grey Muscular part of tail yellow, with black 
markings, running into longitudinal or vertical streaks Latter marking 
prominent in the hinder half of the tall Anal tube median 
Measurements. 

mm. mm. 

Total length 27 00 Width of body . . 5 00 

Length of head and body 9 00 Depth of body 4 00 

Length of tail . 18 00 Depth of tad . * 00 

Locality —Streams of Kempholey, Hassan 
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Phtlautus vanaltlts 

The tadpoles are of moderately large site, the head and body being 
oval Dorsal surface slightly flat, ventral distinctly convex The snout is 
rounded, sloping down Mouth ventral Nostrils nearer to the tip of the 
snout, internasal space almost equal to interorbital width, eyes dorso¬ 
lateral, nostrils point upwards. Eyes nearer to the tip of the snout than 
to the spiracular opening The spiracle is lateral, sinistral, orifice directed 
upwards and backwards Mouth disc small, surrounded by broad lobes 
fringed with rows of papillae The upper lip has two rows of papilla: The 
lower lip is divided into four lobes, the hinder border bearing small papiUte 
The upper beak is broadly U-shaped and the lower V-shaped, having 
a serrated margin Dentral rows absent The tail is well developed The 
upper lobe does not extend beyond the roof of the tail The upper fin is 
deeper than the lower, but less deep than the muscular part Tip of tail 
pointed Skin smooth, dorsal surface yellowish, with numerous dark dots 
The muscular part of tail yellow with dork irregular blotches Sometimes 
the inferior border of the lower fin, may bear fine black dots, confined to 
the iPosterior division No preorbital and fiontal glands No sensory pits 
Measurements 

mm mm. 

Total length . 40 00 Breadth of body . 8 00 

Length of head and body 1.1 00 Depth of body , 0 50 

Length of tail . 27 00 Depth of tail 5 00 

Locality —Streams of Kempholev, Hassan 
Rana auranltaca 

These tadpoles bv their uniform brown colour are apt to lie 
mistaken for those of Bufo, awl it is interesting that the larv* of Rand 
auranltaca the adult of which is beautifully coloured, are so drab The 
size of the»e tadpoles, their oral and caudal characters, distinguish them at 
once from the larvae of Bufo 

'The tadpoles arc of modeiate size Head and bodv oval, not flattend 
dorso-ventially, both surfaces being convex Snout rounded, mouth small, 
ventral Eyes dorsal or dorso-lateral Nostrils pointing laterally Width 
of mouth equals or less than the interorbital width which is broader than 
the lnternarial spaces Nostrils equidistant between tip of snout and eyes 
Spiracle lateral, sinistral, somewhat broadly tubular, pointing slightly 
upwards The mouth disc is small, lower Up better developed The upper 
free from pa pi 11* which occur on the sides and on. the outer borders of the 
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lower lip, with a distinct median space free from papilla? The up]>er beak 
is broadly crescentic with a smooth border, the lower is broadly V-shaped, 
finely serrated Dental formula } The tail is broad The dorsal fin extends 
beyond the root of the tail Both fins are almost equal, but slightly 
deeper than the muscular portion Pointed at the tip Anal tube shghlls 
dextral Both surfaces of the body and the muscular portion of the tail 
uniformly brown Tail fins lightly coloured 

MkABUBfcMbNT« 

Total length . 31 00 Greatest width of bod\ 

bonglh of head and body 12 00 Greatest depth of body 

bength of tad 10 00 Greatest depth of tail 

The tadpoles live near the water margins on the tanks at the 
hills and occur in small numbers Mostly they rest on the flooi 
Locality —Bose of Anam.ilai Hill*, Coimbatore District 

Hufo brevirostrts 

Generally speaking, the tadjioles of the genus Bufo are comparatively 
small and those of B brevirostns are extremely so These were taken from 
rain water puddles from which the adults were obtained Besides these 
tadpoles those of B melanosliclns and B murotympanum also were collected 
from the same situation It is interesting to note that the shoats of tadpoles 
belonging to the different species keep together separately and it is this 
distinctive feature of tlieir habits that led to their examination I,ike the 
other members of the genus, the body is obcordate the greater width being 
at the pectoral region The snout slopes and is rounded The diameter 
of the mouth equals or is greater than the intcrorbital space The eyes and 
nostrils are distinctly dorsal, looking upwards Intcrorbital width (I'D mm ) 
is greater than the internasal space (1 -0 mra), the nostrils nearer to the eye* 
than to the tip of the snout Upper lip devoid of papdlce which fringe the 
sides and the outer borders of the lower lip Both lips are equnll> develojied 
Dental formula 1 J The second senes in the upl>er lip is interrupted in 
the middle, the three lower senes are continuous almost equal to one another 
The jaws are finely serrated vSktn smooth A pair of preorbital glands 
present Sensory pits on the back absent A frontal gland is prominent 
Spiracular tube opens slightly dorsalward situated about the ruddle of 
the body, not visible from below Length of tail about 3j times its total 
length Both fins are poorly developed, the dorsal being slightly arched. 


5 75 
5 75 
7 50 
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Tips of tail pointed The colour of the dorsal surface is brownish Under¬ 
surface uniformly whitish Fins of tail grey 
Mkasiirf.mf.nth 

Total length 13 00 Maximum breadth of bodv 3 75 

Length of head and body 0 00 Maximum depth of body 2 75 

Length of tail 7 00 Maximum depth of tad 2-00 

The tadpoles of this species of liufu can be easily recognised from the 
other described forms bv the oral papilla* and serrated jaws 


EXPLANATION OF FIGURES 

Fig 1> Rana parambikulamana, actual size. 

Fia la Side view of head X 2 

Fig lb Undersurface of hand x 2 

Fig 2 Rana lucarhyncus x 2 

Fig 2a Side view of head x 2 

Fig. 3 Rana tnlermtdtus x If 

Fig 3a. Side view of head x 1 f. 

Fig 4 Rana sauriccps x 2 

Fig 4a Side view of head x 2 

Fig 4b Undersurface of hand x 3 

Fig. 4c. Foot X 3 

Flo S Rana Icnuilingua x 3 

Fic So. Side view of head X 3 

FiC. 6 Nychbatrachus sylvahciis X 11 

Fig 6a Side view of head x .11. 

FlC 7 N annobatrachus ktmpholeyCIISis X 3 

Fio 7 a Side view of head X 3 

Fig 8 Bujo brtviroslris X 2 

Fig 8a Side view of head x 2 

Tig 9 Philaulus charms X 2 

Fio 9a. Side view of Head 

Fig JO Philaulus elegans X 3. 

Fic. 11 Philaulus hotligcharcnsis X 2 
Fig 11a Side view of head X 3. 

Fig 12. Philaulus swamianus X 2. 

Fig 12a. Side view of head X 4. 

Fio. 13 Philaulus mtlancnsis X 2 
FiC 13tf Side view of head x 2 
Fig 14 Philaulus Mroinensu x 2. 

Fig. 14a. Side view of head x 3. 
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Fir.. 15 Philaulus longterm X 2 
Fia 15o Side view of head x 3. 

Fic. 16 Philanlus monlanus x 1f 
Fir J6a. Side view of head x 2 
Fie 17 Ramanella minor x 3 
Fir. 17a Side view of head X 3 
Fic 18. Ramanella triangularis ru/ii’enlris X 2 
Fio. 18fl Side view of head X 3 
FlO. 19 Ramanella nwrmorata X 2 
Fic. 19a Side view of head X 3 
Fio. 20. Ramanella anomalou nsis x 3 
Tadpole- 

Tic 21 Philanlus leucorliyiii us X 3 

Kic 2!« Mouth disc X 5 

Fie 22 Philautus hypoinelas x 3 

Fig 22a Mouth disc X 10 

Fia 23 Philautus nassultis x 3 

Fic 23a. Mouth disc x 10 

Tie 24 Philaulut pulcher X 3 

Fig 24a Mouth disc X 5 

Fig 25. Philanlus icitabilts v 2 

Fig, 25a Mouth disc X 10 

Fio 26 Rana auranttaca x 3 

Fig 26a Mouth disc X 10 

Fig 27 Bufo hrevirostris X 5 

Fig 27a Mouth disc X 15 



ON THE OCCURRENCE OF WINGED SPORES IN THE 
LOWER GONDWANA ROCKS OF INDIA AND 
AUSTRALIA. 


By Miss Chinna-Virkm, B A , M Sc 

{Research Fellow, Department of Botanv, Lucknow Umreriitv ) 

Received December 27, 1937 
(Communicated by Prof B Sahni, p« s) 

During an investigation of foss.il cuticles from some carbonaceous shales in 
the Dower Gondwana rocks, of the Salt-Range, Punjab, numerous spores 
were discovered, some winged, others unwmged Some of the two-winged 
spores showed a striking resemblance to Professor Seward's Ptiympontcs 
antarcttcus which was suspected by him to be a pollen-grain of GloisopUrts *■ * 
Two ot these spores are shown m Fig 3 .4,8 The wings in both the 
spores are retieulatelv marked and are of the same size measuring about 37 p 
The striped bod\ in each slightly differs m size —A measures about 4 p 
and B about 40 p 

The geological section from which these and other spores were obtained 
is a typical Dower Gondwana section with the Talchir Boulder bed at its 
base, and it includes more than one horizon containing Glossoptens, Ganga- 
moptens, and other forms The first spores were found in some sjiecimens 
presented to Professor B Salim b\ Mr F, R Gee of the Geological Survey 
of India bubsequentlv similar sjncimens w'ere collected by myself at the 
came localitv ’ 

After this a piece of shale from the Penno-Carboniferous rocks of 
Newcastle, New South Wales, was examined for cuticles as well as spores 
Tins shale is so rich in the fronds of Glossoplerts Browntana Brong that 
rarely a bare face of the rock is exposed Though I did not succeed in 
obtaining good samples of cuticles, numerous two-wmged pollen-grains, all 
showing a general resemblance with Pttyospontes anlarcttcus were found, 
some in groups, but chiefly lying free A few spores were even seen adhering 
to small pieces of cuticle (see Fig 1 C, D) No clear evidence of sporangia 
i» available Some of these Australian spores are shown in Figs 1 and 2 
lying in different jxstures, mostly dorsal, but rarely lateral, ventral and polar 

There are two sizes of sjjoics represented m these figures The smaller 
size (Fig 1 A-C, Fig 2 A-D) possesses retlculately marked wings, about 
27 n across, which in some spores appear to be united on the dorso-lateral 
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Occurrence of Winged Spot 


Camera-lucid* drawing* ot rnvnsforuet jrwarai cp. uov 1 
,[ Newcastle. NSW, Australia From a piece of shale crowded with Glosiopuns 
SrowHiano Brong 

A. Ptlyetpontci Snuardi sp nov Lateral view of the spore m Fig 1. 1 x 980 

B P Scwardt sp nov The union of the two wings on the dorso-lateral side rf spore, 
in Fig 1 ,B x 980 

C P Scwardt sp nov. Dorsal view Striped body seen above and the wings below 
X 980 

D P Scwardt sp nov Ventral view showing the two wings x 980 
side (Fig 1 B, Fig 2 B) Till bod\, with a relatively thick wall, measure' 
about 36/i in diameter, and •shows a munlxr of wtll-marked horizontal 
stripes (Fig 1 A, Fig 2 A, C) On the other hand, the wings and the bod> 
of the larger spores (Fig 1 D-F) measures about 30/* and 50/* respectively 
In their striped body and reticulate wings these, larger, lighter coloured 
spores show almost identical structure with the smaller ones F.ven m li\ ing 
plants it is not uncommon to find different sizes of spores within the satin 
sporangium That the difference in preservation may also be responsible foi 
this difference in size seems not impossible Howectr, after a carefu 
examination of a large number of these spores I am inclined to refer then 
provisionally to two separate species 

The parentage of none of these spores, Indian or Australian, can b< 
determined with certainty The circumstantial evidence, however, strongh 
favours the view that they both represent the pollen-grains of Glossopicns 
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The Newcastle spoies were obtained from the surface of the cuticle of 
Glossoptens Browntana Brong . from a shale which consists solelv of fronds 
of this species , maceration of the rock matrix did not > ield spores The 
spores were obtained m hundreds from a small bit of this shale As stated 
above thev shoe' a striking resemblance with Pityosponles antarcticus As 
already stated, sjrores of a similar though not identical kind occur in the 
Permo-Carboniferous rocks of the Salt-Range, again in association with 
Glossoptens Lastly, from Professor Seward’s paper* it appears that 
Haiusliaw Thomas has found evidence of winged spores of Glossoptens in 
South Africa If his spores too resemble the others it can be said that 
winged spores of the general Ptlyospoutes type occur m the Glossnptens- 
beanug rocks m widely scattered parts of Gondwanaland. namelv, Antarctica, 
South Africa, India and Australia 

It must, however, be mentioned that the possibihtj of these spores being 
other than those of Glossoptens cannot be overlooked No organic conti¬ 
nuity is seen between the frond and these spores Nor is there any clear 
evidence of the sporangia which must have contained them Unless more 
light is thrown in this direction it cannot be said with any certainty that 
these are the pollen-grams of Glossoptens But on the evidence available 
at present one is inclined to believe that these winged pollen-grams most 
probably belong to Glossoptens and that Professor Seward’s unfortunate 
Ptlyosportles anldrcficus, which met with adverse criticism, is after all 
u pollen-gram and most probably of Glossoptens I have pleasure in naming 
the Australian spores of the smaller size shown in Fig 1 A-C, Fig 2 A-D, 
after the discoverer of the antarctic pollen-grain, as Pityospontes 'sewanh 
sp nov 

A detailed description of all these spores and others, both winged and 
unwmged, found in the Lower Gondwana rocks of the Salt-Range, will 
appear in a subsequent paper 

I wish to express my grateful thanks to Professor B Sahm, r*s, for 
his readv help, mvalauble criticism and never faihng encouragement 
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EXPLANATION Oh PLATE 

Fic 1 Untouched photographs of Ptlyospontes Senurdi sp nov and Pitvaspcnles sp. 

(larger spores' Permo-Carboniferous of Newcastle, NSW, Australia From a 

piece of shale crowded with 6 lossofrterts Brottmtana Brong 

A P,tyaspor,lt, Srzvardt sp nov Lateral view with the two wings attached to the 
Striped body X 400 See also Fig 2 A 

l? P S, ward, SP nov The union of the two wings on the dnrso lateral side * 400 
The same spore Is drawn in Fig l B 

C P Seward, sp nov Adhering to a piece of cuticle of G Browuana Brong X J40 

D Pityospontes sp Adhering to the same p.etr of cuticle as C. mostly showing their 
dorsal aspect x 340 

tr Piiyosparttea sp The one on the right side shows the two wings attached to the 
striped body X 400 

V PtlyaiporUrt sp Ventral view. X 400 

Fic 3. A, U Ventral vie v of the two-winged spore* with ttnped body and retnulate wings 
From a Horizon 1J ft above the Takhir Boulder Bed Loc hathwai, Salt- 
Range. Punjab X 180 (Coll C Vtrkki) 
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